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1.0 INTRODUCTION 
In 2001, Oregon’s governor responded to a perceived future energy shortage in the 
Pacific Northwest by directing all state agencies to reduce power consumption by 10 
percent.  After review of power saving opportunities, the Oregon Department of 
Transportation (ODOT) elected to include selective illumination reductions on Oregon 
interstate highways as part of their energy-saving strategy.    The illumination reduction 
occurred at interchanges and along lineal highway sections between October 2001 and 
April 2002. The reductions occurred statewide, however, there was a heavy focus on the 
Portland metropolitan area freeways (I-5, I-205, I-84, US-26). An interagency 
memorandum directed Region traffic engineers to select locations for reducing 
illumination with the optimal conditions such as striping, signing, adequate acceleration 
and deceleration lanes, typical geometry, low crash history, and limited pedestrian and 
bicycle activity. In a sense, only the safest locations were chosen for modification. The 
illumination reductions that were made fall in three general categories: 1) interchanges 
where lighting was reduced from a full lighting design to a partial design; 2) interchanges 
where lighting was from a partial plus design to partial lighting configuration; and 3) 
highway sections where mainline lineal lighting was reduced. A total of 47 interchanges 
and 6.03 miles of highway were modified. 
These locations were monitored for safety performance annually for approximately 4 
years. This report documents an observational before-after study of the safety effects of 
these changes. The study period includes a total of nine years. Crash, geometry, weather, 
and volume information were collected for each of the modified locations as well as an 
identified reference group. Two methodologies were used to study the change in safety 
performance – a simple before-after and an empirical-bayes approach.  To the best of our 
knowledge, this study is the most comprehensive analysis of lighting reductions that has 
been conducted. 
1.1 OBJECTIVES OF PROJECT 
The primary objective of this research project was to establish if there has been a 
measurable change in safety at locations where illumination was reduced.  This report 
will provide the necessary information to guide policy decisions as to whether the 
Department should keep the reduced illumination off and remove the poles, or turn back 
on the lights, or a blend of these options. The results of the report may also be used to 
determine future policies for linear and interchange illumination levels in the 
Department’s Lighting Policy and Guidelines.  
1.2 SCOPE OF RESEARCH 
This research was focused on the evaluating the change in safety performance at specific 
Oregon highway interchanges and lineal sections.  It is important to note that this 
research was not designed to study the safety effects of alternative lighting configurations 
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at each interchange. Changes in illumination were broadly classified and no before or 
after field measurements were taken of actual luminance values, lighting coverage, or 
other design specific values. This study measures whether there has been a change in 
safety at the locations and provides guidance on further policy issues. Interpretations 
beyond the intent of this research design should not be done (i.e. does a partial lighting 
design perform better than full lighting design). 
1.3 ORGANIZATION 
This document is organized into eight chapters including this introduction. In Chapter 2, 
a brief literature review discusses past research on the effects of illumination on safety 
performance. A short discussion on human factors is included.  Chapter 3 documents the 
data used in the analysis and how it was collected. In Chapter 4, the research 
methodology is described. The development of multivariate regression models to predict 
safety performance is described in Chapter 5.0. The analysis results are presented in 
Chapter 6.0 and guidance on conducting a life cycle cost analysis is documented in 
Chapter 7.0. Finally, conclusions and recommendations from this research project are 
presented in Chapter 8.0. 
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2.0 REVIEW OF LITERATURE  
On freeways, especially in urban areas with high volumes, illumination is a common or 
standard design feature. It is generally accepted that highway illumination has the 
potential to enhance safety by highlighting potential hazards, reducing driver eye strain, 
and providing positive guidance for the motorist. In general, the literature revealed 
positive effects of lighting on reducing the frequency, as well as the severity of crashes 
on urban streets, highways, and at intersections.  Several studies concluded that freeway 
sections with continuous lighting had significantly less crash potential than unlighted 
ones.  Other studies have indicated that the effects of continuous freeway lighting on 
crash potential were not conclusive. Most of the literature review revealed positive 
effects of lighting, but the effects of partial freeway lighting were not addressed 
extensively in the literature.  Most studies conducted before-and-after evaluations to 
understand the effects of illumination from unlighted to lighted conditions, but did not 
address the amount or level of illumination that would affect safety. This chapter reviews 
these studies. 
2.1 HUMAN FACTORS 
Nighttime driving can prove to be problematic for several reasons.  During darkness, 
there are fewer visual cues so the driving task becomes more difficult.  Issues that may 
become a problem for drivers include low luminance, low contrast, low spatial 
frequencies, and driver over confidence. Object recognition by differences in color and 
contrast is poor so luminance contrast is an important factor in nighttime driving. 
 The human eye operates over a range of illumination from 0.75x10-6 cd/m2 (very dark 
night) to 105 cd/m2 (beach on a bright day) (Ogden, 1996).  This enormous range of 
operation can be attributed to two factors:  the dilation of the eye and the regeneration of 
receptor cells after relative darkness.  The latter effect increases the sensitivity of the eyes 
by a factor of 107 after about 30 minutes exposure to the dark (Ogden, 1996). 
Although the human eye is adaptable to long-term changes in the ambient light level, 
transient changes in illumination can be problematic. The transient changes are relevant 
in the stream of traffic because of the different way the eye adapts to sudden darkness or 
sudden brightness.  The eye can adjust to sudden brightness better than it can adjust to 
sudden darkness.  When exposed to sudden brightness, the eye adjusts at a rate of 3 mm/s 
while adjusting to sudden darkness at a rate of 0.5 mm/s (Ogden, 1996). 
Glare is another issue relating to illumination that decreases driver comfort and visibility.  
Source of glare can be from both street lighting and oncoming headlights.  Age plays a 
factor in glare resistance.  Glare resistance of a driver that is over 65 years old is one third 
that of a driver that is 25 years old (Lamm et al., 1985).  Persons who are 60 years old 
need 8 times more light than  persons who are 20 years old (Lamm et al., 1985).  It is 
thought that increased illumination on the roadway is effective in reducing headlight 
glare because drivers will not be induced to use their headlight high beam (Ogden, 1996).  
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Decreasing glare of oncoming headlights through the use of plants or fencing in the 
median of divided highways may also play a factor in decreasing glare.  Glare can also be 
increased by adverse weather conditions such as rain. 
2.2 SAFETY EFFECTS OF HIGHWAY ILLUMINATION 
Box (1976) was the only before-and-after safety evaluation that analyzed the results of 
reducing roadway lighting on a major urban route.  The study was conducted on State 
Highway 60 (Gulf-to-Bay Boulevard) in Clearwater, Florida.  In the before conditions, 
there were 400 mercury luminaires in opposing positions mounted 28 ft high and spaced 
approximately 100 ft apart.  In the after condition, alternate luminaires were turned off. 
The results show that day crashes increased by about 4 percent, while night crashes 
increased by 10 times as much.  The day change was proportional to the 2.5 percent 
change in volume, which occurred between the two study years involved.    
Elvik (1995) conducted a meta-analysis on the safety effects of public lighting using 37 
studies that ranged from 1948 to 1989 from eleven different countries.  The following 
conclusions were made:  
• there was no evidence of publication bias from these studies; 
• changes in crash rates were found to predict accurately changes in crashes 
relating to the introduction of public lighting; and 
• regression-to-the-mean and secular trends is unlikely to have affected the 
results of the evaluation studies.   
The results of the study showed the safety effects of road lighting in rounded values to be 
a 65 percent reduction in nighttime fatal crashes, a 30 percent reduction in nighttime 
injury crashes, and 15 percent reduction in nighttime property-damage-only crashes 
(Elvik, 1995). 
A study by Walker and Roberts (1976) looked at the influence of lighting on crash 
frequency at highway intersections, specifically, rural at-grade intersections for 3-year 
periods immediately before and after lighting.  The results indicated that the reduced 
night crash rate was statistically significant at the 99 percent level when compared to 
night crash rates before lighting.  Crash rates were calculated for three groups:  3 to 5 
lights, 6 to 9 lights, and 10 to 15 lights. Generally, the complexity of the intersections 
increased as the level of lighting increased.  Interestingly, the results indicated no 
significant differences in night crash rates between the three groups of illumination 
coverage.  All categories showed significant improvements after lighting.  Before 
lighting, night crash rates exceeded day crash rates by 20 percent.  After lighting, night 
rates were 34 percent less than day crash rates.    Variables in the evaluation included 
raised channelization, primary route turning at the intersection, and intersections 
configuration (3-leg and 4-leg). 
A cross-sectional study of freeway sections with continuous lighting and interchange-
only lighting was conducted using HSIS crash data for Minneapolis-St. Paul metropolitan 
area (Griffith, 1994). Traffic counts for 24-hr periods were provided by MnDOT. 
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Determination of night volume was made with the assistance of the observations of 
sunrise and sunset from the US Naval Observatory. A total of 54.6 miles of continuous 
lighting and 35.5 miles of interchange lighting were included in the study. The number of 
interchanges per mile was 1.2 for the continuously lighted sections and 0.8 for the 
interchange lighting (59% of the total miles of the continuous lighted segments were 
within interchange areas and 49% of the interchange only lighting segments were within 
interchange areas). The traffic volumes of the sections were comparable. High pressure 
sodium 400 watt luminaries were used for the majority of lighting mounted at 30, 40 or 
50 ft.  Day and night crash rates were calculated for both the continuous and interchange 
only lighting conditions. The ratios of the night crash rate to the day crash rate were 
calculated and are shown in Table 1. The difference of the ratios for the continuous 
lighted sections and the interchange only lighting was statistically significant (shown in 
bold). Sections of the non-interchange segments were compared for the crash severity of 
the lighted and unlighted sections. The only difference between the ratios that was 
statistically significant was the PDO rate ratio (shown in bold) which was 29% higher for 
the unlighted sections. The results are shown in Table 2. 
Table 1 Continuous vs Interchange Only Lighting 
Total Crash Rate 
Continuous 
Lighting 
Interchange 
Lighting 
Day 1.50 0.48 
Night 1.95 0.70 
Night/day ratio 1.30* 1.46* 
*Difference statistically significant 
 
 
 
Table 2 Lighted vs Unlighted for Non-Interchange Areas 
 Night/Day Crash Rate Ratio 
Type of Crash Lighting No Lighting 
Serious injury  4.00 2.86 
Total injury 1.45 1.38 
PDO  1.21* 1.60* 
*Difference statistically significant 
 
The potential for reduced lighting on roadways was studied in a 1986 article in Public 
Roads (Janoff, 1986). The study compared six strategies for reduced lighting by 
conducting field experiments on I-95 in Pennsylvania that was lit by 200 watt HPS 
luminaires 30 ft above the pavement spaced at 66 to 88 ft. The study was primarily 
concerned with reducing lighting during times of lower volumes.  A pilot experiment was 
conducted and concluded that driver performance was significantly affected when lights 
were extinguished at ramp interchanges but little reduction in driver performance was 
found on mainline sections. The study concentrated on reducing lighting on mainline 
sections.   
Six lighting strategies were compared in a field experiment that determined the distance 
at which drivers could identify a 6 inch object in the roadway under the various lighting 
scenarios. The summary of this analysis is shown in Table 3. In terms of driver 
performance the strategies from best to worst were full lighting, 75% power, 50% power, 
every other luminaire extinguished, other side luminaries extinguished, and no lighting.  
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Photometric measurements of horizontal illuminance, uniformity, pavement luminance, 
object luminance, and veiling luminance were obtained and used to calculate the 
visibility index. Statistical models were fitted for the detection distance and some of the 
photometric measurements with good results. 
Table 3 Comparison of Reduction Strategies 
Lighting Strategy 
Distance to 
Target (ft) 
Visibility 
Index 
Recommended 
Strategy 
Full lighting 287.9 8.78 - 
75 percent power 232.6 4.43 Y 
50 percent power 223.8 1.66 Y 
Every other luminaire extinguished 204.8 2.93 N 
One side lighting extinguished 163.4 2.82 N 
No lighting 163.2 1.57 - 
  
The study recommended the use of uniform dimming circuits, which resulted in a 25% 
energy savings and minimal impact on driver performance during lower volumes. 
Extinguishing every other luminaire was not recommended because of lighting 
uniformity issues and its impact on driver performance. Extinguishing lighting on one 
side was not recommended since driver performance was very poor - almost equal to the 
no lighting situation.  In new designs, installing two luminaries where one can be 
extinguished in the off-peak was recommended as a possible strategy only for future 
lighting systems.  The researchers also concluded that reduced lighting should not be 
considered before 11 pm. 
A case study of traffic crashes on a suburban freeway in Frankfurt, Germany was 
conducted to assess the effectiveness of freeway lighting (Lamm et al., 1985). The study 
period was 1972-1981. Three subsections were evaluated for three time periods under 
different lighting conditions. Section 1 was lighted for time periods 1 and 2. Section 2 
was lighted for time period 1 and partially lighted for time period 2 (lights off from 
10:00pm and 5:30am). Section 3 was unlighted for all three evaluation periods. Volumes 
ranged from 51,500 to 77,100 ADT for the study sections. The study indicated that crash 
rates and crash cost rates (a measure of the severity of crashes) generally declined from 
the unlighted to lighted sections but the results were not statistically significant. The 
study also determined that there was an increase in the crash rates for the partially lighted 
sections. 
In 1973, the City of Austin, Texas turned off the continuous freeway lighting on a 7.2 
mile stretch of southbound I-35 as a response to a critical energy shortage. The four 
freeway lanes were 12 ft wide with inside and outside shoulders. A 30 ft clear ditch 
separated traffic. The ADT's ranged from 22,300 to 52,580. Two years of before and after 
data were collected. Crash frequency increased 47% on the unlit southbound sections at 
night while overall crash frequency declined 22% due in part to the reduction of the 
speed limit to 55 mph.  Crash rates had similar trends. Significant increases were reported 
for night-time rear-end crashes (+125%) and night time pedestrian related crashes (from 0 
to 6). On the northbound side, rear-end and pedestrian crashes decreased. 
A comparison study was made of 203 miles of freeways from the metropolitan areas of 
Toronto, Chicago, Atlanta, Dallas, Phoenix and Denver (Box, 1972). The study period 
ranged from 1963 to 1968. Crash data were obtained for all sections as well as lighting 
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and traffic conditions. Total, day and night crash rates were calculated. For the purposes 
of the study, night conditions were the period from 15 min after sunset to 15 min before 
sunrise. It was verified by observation that the light conditions at these times would be 
improved through the use of illumination. The study found an average night-day crash 
rate ratio for lighted sections of 1.43 and unlighted sections had an average ratio of 2.37. 
A chi-square test of significance established that as a group, lighted freeway sections had 
a lower (better) night/day ratio than unlighted sections. A before and after study of urban 
freeway lighting was conducted on 5.3 miles of urban freeway in Chicago.  While the 
night crash rates were lower in the lighted condition, the results were not statistically 
significant.  
In conducting an analysis of the relationship between lighting and crash experience 
between interchanges, Yates and Beatty (1970) considered the following characteristics: 
existence of lighting, number of lanes, intensity of lighting, and average daily traffic 
volume.  Part of the study looked at crash rate by existence of lighting and number of 
lanes.  To enable comparisons to be made all these data were divided into three groups 2, 
3, and 4 lane units and those with lighting were separated from those without lighting.  
Then the crash rates were computed.  To avoid bias caused by ADT or unit length, crash 
rates based on crashes per 100 million vehicle-miles traveled was used.  Additional 
response variables studied included injury, fatality, and property damage rate.  The 
property damage and injury rates consistently followed the crash rates.   
Some of the findings from the study were surprising.  For 2-lane and 3-lane mainline 
units, the results shown in Table 4 indicated that crash rates were higher on lighted units 
than unlighted sections.    
Table 4 Crash Rates for Lighted and Unlighted Units 
Crash Rate 
Number of 
Lanes Lighting No Lighting 
Night Crash Rate per 100 MVM 2 lane 120 140 
 3 lane 100 180 
Day Crash Rate per 100 MVM 2 lane 43 26 
 3 lane 46 80 
  
The rates for night were computed for the hours of darkness between 9 pm and 4 am 
when lighting should have been the most effective. These data also indicated no 
relationship between crashes and lighting intensity, and no evidence of a consistent 
relationship between the increase and decrease of lighting intensity and crash rates was 
found.  Although the study showed that some of the lighted units had higher crash rates, a 
conclusion cannot be made that unlighted units are inherently safer than lighted units.  
Geometric variables for lighted and unlighted units were explored to help estimate some 
of the differences.  There were some interesting findings, which included the following: 
• the average unlighted mainline unit was 47 percent longer and had a 56 
percent wider median than the average lighted unit;   
• the unlighted units had a greater percentage of delineators on the right side 
and delineators on both sides than did the lighted units; 
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• there was little variance in pavement type and pavement edge markings 
between lighted and unlighted units;   
• lighted units had less rear end collisions and crashes in which the vehicle left 
the road, with or without striking an object, than unlighted units (31 percent 
for lighted versus 44 percent for unlighted); and  
• on lighted roadways, 90 percent of vehicles that left the roadway struck an 
object (e.g., lighting pole). 
The analysis of these data revealed that conditions such as guard rails and curbs may 
prevent a greater number of vehicles from leaving the road (Yates and Beatty, 1970).  The 
findings indicate that some of these geometric variables such as lighting configuration 
and median width, along with other variables that may affect the crash rate, should be 
considered for model parameters in the crash prediction models.  Another tentative 
explanation given for the difference between crash rates in lighted and unlighted 
conditions may be that high crash roadways were lighted first.  This explanation relates to 
the regression-to-the-mean phenomena where facilities are treated because of their high 
crash rate so any evaluation study must address this problem for greater accuracy in the 
results. 
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3.0 DATA ASSEMBLY 
This chapter describes all of the data elements that were assembled for use in the 
evaluation study. As will be described in Chapter 5, the development of multivariate 
regression models required a reference group. All data elements in this chapter were 
collected for both the reference and locations where illumination was reduced. Nearly all 
data elements were assembled for the 9 year evaluation period. The chapter begins by 
describing each of the data elements and concludes with a summary of the locations were 
illumination was modified and the reference locations. 
3.1 CRASH   
Crash records were obtained from ODOT in a Microsoft Access file format for the years 
of 1995 to 2005.  There were nearly 231,000 crashes on state highways during time 
period.  Two units in ODOT have responsibility and oversight for crash reporting, the 
Driver and Motor Vehicles (DMV) Services Division and the Crash Analysis and 
Reporting (CAR) Unit.  Currently, private citizens are require to file an Oregon Traffic 
Accident and Insurance Report within 72 hours if they are involved in a crash that results 
in injury, death, more than $1,500 damage to their vehicle, or more than $1,500 damage 
and towing of another vehicle.  These reporting thresholds changed in 1998 from $500 to 
$1000 and in 2004 from $1000 to $1500.  If a police officer responds to the scene, he or 
she completes the Oregon Police Traffic Crash Report which is more detailed than the 
citizen report.  A citizen must file a report even if a police officer is present and 
completes a form.  In general, however, nearly 70% of the crash data that is entered in the 
statewide crash file for crash records comes from citizen reports. 
The state Crash Data System (CDS) is a relational database that contains three primary 
tables to describe a crash. 
• The crash table contains summary information about the crash including road 
condition, location, time of day, day of week, and other variables.  There is one 
record in the crash table for each crash event.   
• The vehicle table contains data about each vehicle in the crash including information 
about movements of vehicles, possible vehicle-related errors (mechanical failures), 
actions of the vehicle during the crash and any objects hit by the vehicle causing 
injury or property damage.  If more than one vehicle is involved there is one record 
for each vehicle.   
• The participant table includes data about each participant that was present at the 
crash (unless data are not presented or recorded about them on the report).  The 
participant table includes the sex of driver, residence status, driver’s license status, 
injury level, data about the use of safety equipment, and other participant-related data.   
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The three tables are related by a unique number assigned to each crash.  In this research, 
the analysis was focused on crashes that occurred on state highways and only the crash 
table was needed.  A complete description of the codes can be found in ODOT’s 
Statewide Crash Data System Motor Vehicle Traffic Crash Analysis and Code Manual 
(ODOT, 2004). 
For state highways, a crash can be located to a unique section of roadway using a 
combination of the following descriptive values: 
• HWY_NO - Three digit code representing state highway index number; 
• RDWY_NO - One digit code to identify roadway type (add, non-add); 
• HWY_COMPNT_CD - One digit code characterizing the highway structure 
where crash occurred (State Highway, Frontage Road, Couplet, Connection); 
other 
• RD_CON_NO - Connection number (if crash occurred on connection); 
• MLGE_TYP_CD - Code for mileage portion of highway where crash 
occurred (Regular, Temp., Spur, Overlapping); and 
• MP_NO - Milepost of crash. 
In the ODOT crash data base the following codes are used for light condition: 
• 0 Unknown  
• 1 Daylight  
• 2 Darkness – with street lights  
• 3 Darkness – no street lights  
• 4 Dawn (Twilight)  
• 5 Dusk (Twilight)  
There are number of challenges with using the coded light condition in this crash 
analysis. First, the majority (approximately 70%) of Oregon crashes are self-reported. 
While the light condition is coded based on the reported time of the crash, in the dawn-
dusk time period errors of 20-30 minutes can make a significant difference in the ambient 
light condition. This study is focused on the change in crashes when the reduced lighting 
might be a contributing factor and it is not clear if lighting condition coded dawn or dusk 
would be affected by the reduced lighting.  Also, since the time resolution of the reported 
crash time in the CDS is to the nearest hour it is not possible to recode the light code 
based on known light levels (from sunrise/set tables) that more adequately represent the 
usefulness of illumination from a human factors perspective. Finally, the CDS includes 
dawn and dusk crashes as night in summary documents and publications. For these 
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reasons, this evaluation includes dawn and dusk crashes as night crashes in this analysis. 
While it would preferable to know the exact light condition at each crash, the code 
condition is the best data available. In Figure 1 the distribution of crashes by light 
condition for the modified locations over the study period is shown. Note that dawn and 
dusk crashes are approximately 7% of the total crashes that occurred.  
Daylight
71%
 
Figure 1 Distribution of Crashes By Light Condition 
 
3.2 INTERCHANGE DESCRIPTIONS 
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crashes usi  and lineal section, a query 
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In order to e et of codes that 
uniquely identify each segment of an interchange was careful constructed from ODOT 
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ion 
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lights
15%
 is a route (highway) – milepost based system
nt ( tructure, overcrossing, ramp connection, intersecting st
milepost are known. The CDS (des
ng this same nomenclature. For each interchange
r the various lighting conditions and injury 
t o curred in each unique highway se
qu ry the CDS for crashes that happened at interchange, the s
records. Three sources were used: 1) the automated milepost log; 2) printed straightline 
charts; and 3) GIS representation of the state highway system. In Figure 2, a sample 
simple diamond interchange is shown. This interchange would be characterized by 6 dat
elements: 1) the mainline add direction roadway (AE); 2) the mainline non-add direct
roadway (FJ); 3) connection number 1 (BC); 4) connection number 3 (CD); 5) connection
number 4 (GH); and 6) connection number 5 (HI). Note that this analysis did not include 
any overcrossing sections. Each element has a unique combination of the following: 
• Highway number; 
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• Roadbed number (1 for add-direction, 2 for non-add); 
• Component (0 mainline, 6 for connections); 
• Connection number (1…n); and 
• Beginning milepost (BMP) and ending milepost (EMP). 
For each interchange, all of these data elements were collected. Note for that the mainline 
sections, the interchange influence area was chosen to include 0.20 miles upstream and 
downstream from the milepoint of the maximum ramp connection (in this case point B 
and G). The 0.20 mile window was chosen to capture crashes that were with in sight 
distance of the illumination. While the location implied by the milepost is precise, it is at 
best an estimate of the crash locations. Including 0.20 miles upstream and downstream of 
interchange captures the crashes most likely to be interchange-related. See Monsere 
(2006) and Malik et al (2003) for more discussion the accuracy issue. 
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Figure 2 Sample Interchange Nomenclature 
 
3.3 INTERCHANGE TYPE AND LIGHTING 
Geometrical parameters are known to influence the safety performance of interchanges. 
B
D
I
Individual ramp and lane geometries were not collected; rather each interchange was 
categorized based on the AASHTO classifications shown in Figure 4. Many of the 
interchanges configurations did not easily fit to the one of the types but were assigned the 
configuration that was most representative. 
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In order to capture the possible effects of various lighting configurations, the before 
lighting condition for each interchange was assessed. Configurations were classified as 
ither full (including high-mast), partial plus, or partial designs. Full lighting describes 
terchange lighting where all critical points such as gore areas, terminal on surface 
streets, merge points, curbs, piers, and abutments are lit as well as points in between.    
ng where only the critical points as mentioned 
bove are lighted.  Partial plus is a subjective definition of illumination designs at 
terchanges that have more than partial lighting but not full lighting (these interchanges 
were all outside the Portland metropolitan area.)   This terminology is not common but 
was used in this study to accurately describe the conditions. Figure 5 shows a schematic 
of full and partial configurations with the stars noting the placement of illumination. 
Lineal lighting, if present, was classified as full lineal lighting.  
For locations where illumination was modified, plan drawings were available to evaluate 
the before interchange lighting configuration. To determine the lighting classification for 
the reference group population, the Oregon DOT digital video log was used.  Each 
interchange was assessed for the number and location of lights (i.e. Figure 3).  Two types 
of lineal lighting reductions were made. In the first case, lighting on only one direction 
the highway lighting was turned off. In the second case, all lighting was turned off. 
 
e
in
Partial lighting describes interchange lighti
a
in
 
Figure 3 Sample Image from ODOT Video Log 
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Figure 4 Interchange Types (AASHTO) 
 
 
Full Lighting Partial Lighting 
Figure 5 Schematic of Interchange Lighting 
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3.4 VOLUMES 
Average daily traffic estimates were available for all interchanges in the study area 
(including ramp volumes) for the study period (1995-2005). A concurrent study done at 
Portland State University (Strathman, 2006) had already requested and received 
riod of 1982 to 2002.  The remaining 
volumes were g sportation 
data website. For each year and for each r e, volumes were collected. 
To estiamte exposure at night, the volume of traffic that occurs during dark hours was 
needed. Fortunately o  OD nalysi n made of 
permanent automa ine th e of traffic that 
occurred at night. In sis as
times. Sunrise and sunset data for 1998 were obtained from the US Naval Observatory 
for the Portland area  m re d tw
was considered to h en g t) – g  suggested by Box  
(1972) as being the  ill do  to t
see.  Adjustments w for v he sunset times for the 
Portland area are shown in Figure 6.  
Hourly counts wer  the he Arlington (11-
008) and Oakland (1 TR cte sent ions.  Grave Creek 
(17-001) and Medf t 5 re s  rep rban areas outside of 
Portland.  The Stafford (03-016), Troutdale (26-001), Vista Ridge Tunnel (26-002), Hoyt 
(26-014), Iowa Street (26-016), Minnesota (26-019), and Lents (26-022) ATRs were 
selected to represen results are summ  Table 5. As shown, 
between 21% and 23% of the total volume occurred in hours of that can be considered 
night”. The ATR data included hourly counts for from 1998 to 2001. These factors were 
applied to the total ADT volumes to estimate night and day exposure. This percentage 
wa um t over the analysis period. 
, 
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“
s ass ed to be constan
As discussed above, it is worth noting that the measure of “night” to estimate volumes is 
not perfectly consistent with the time parameters used to place a crash in the day, dawn
dusk and dark crash category. However, since the night volume is only an estimate of 
exposure (and is based on an estimate of total volume), this imprecision should not have 
significant impact on the analysis. Also, even though the analysis period covered 9 years 
a constant percentage of night/day volumes was assum
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Figure 6 Sunrise/Sunset Times, Portland, Oregon 1998 
Table 5: Day and Night Volumes of 24-hour Annual ATR Stations 
 Total Annual Volume 
ATR Day Night 
%Night 
Volume 
Urban, Portland    
03-016 01 22,940,215 6,090,849 21.43% 
26-001 00 7,851,470 1,909,833 21.23% 
26-002 00 36,361,689 11,344,526 24.45% 
26-014 01 43,089,430 14,413,059 25.48% 
26-016 01 37,291,476 11,156,526 23.55% 
26-019 98 35,516,626 11,045,091 24.33% 
26-022 99 42,240,809 12,382,625 23.08% 
  Average 23.36% 
Urban, Non-Portland    
15-019 01 13,617,843 3,244,794 19.63% 
17-001 01 5,742,555 
  
1,597,575 22.55% 
Average 21.09% 
Rural      
10-007 01 6,144,580 1,699,080 22.34% 
11-008 01 2,590,604 624,704 
  Average 
21.22% 
21.78% 
 
3.5 WEATHER 
One important variable that influences the amount of ambient light available (an
effectiveness or need of illumination) is the presence of cloud cover. On cloudy days, 
especially in the winter weather conditions of the Pacific Northwest, the ambient li
d the 
ght 
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available is much less than without cloud cover. To capture the year-to-year variation 
weather conditions data were assembled.  
Preliminary data were compiled from the National Oceanic and Atmospheric 
Administration's Web site for the five available weather stations: Portland, Salem, 
Eugene, Medford, and Boise.  The number of days with cloud cover per month was the 
desired variable but NOAA stopped recording this variable for each day sometime after
1995 w
of 
 
hen it switched to an automated system. However, for each station, the number of 
days with precipitation of more than 0.10 inches was found for each month. These data 
were available for the analysis period (January 1996 to December 2005).  A simple 
comparison was made for the Portland weather station to test the correlation of the 
number of cloudy days per month and the number of days with precipitation for the 
period of 1985-1995. This analysis, shown in Figure 7, reveals the strong correlation 
between the cloud and precipitation data (correlation coefficient = 0.8607184) that was 
perhaps expected. 
For this reason, the number of days with precipitation of more than 0.10 inches was 
assumed to be a suitable proxy for cloud cover. The nearest weather station to each 
interchange was determined, and the number of days with precipitation was found for 
each of the interchange's crash data report's time periods. The results of this data 
gathering are shown in Figure 8 for each weather station. The NOAA reporting station 
coverage is not that dense so only 5 weather stations were used to represent the entire 
state. A query was used to extract the number of days with precipitation for the crash date 
range (rounded to the month) for the crash analysis year. 
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Figure 7 NOAA Data 1985-1995, Portland Station 
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 (adequate str d 
l geometry, low d 
icycle activity). Region traffic engineers reviewed each location and requested via a 
me
ill gner, reviewed each 
proposal and made final recommendations back to region staff in a memorandum. The  
on 
e plan diagrams was converted to milepost information for the purposes of the crash 
query. 
Figure 8 Trend Measured > 0.01" 
 
3.6 ILLUMINATIO CTIONS 
An interagency memorandum prov
(see App
uidance on which locations should be 
considered for reductions A). Using the criteria,  locations were s
with the optimal conditions iping, signing, adequate acceleration an
deceleration lanes, typica  crash history, and limited pedestrian an
b
morandum to ODOT headquarters permission to temporarily turn off identified 
umination. Headquarters staff, including an illumination desi
illumination that was reduced or left on was noted on plan sheets, a sample of which is 
shown in Figure 9. These plans were made available to the research team. Stationing 
th
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• Group A - full interchange lighting to partial interchange lighting (33 sites); 
• Group B-  lineal full lighting to no lineal lighting (2 sites); 
• Group C - lineal full lighting to partial lineal lighting (2 sites); and 
• Group D - partial plus interchange lighting to partial interchange lighting (14 
 date of each illu s noted by Region staff and provided to 
dquarters for eac ange. In the crash analysis, thirty days (30) were added as a 
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would be 11/03/01-11/02/02, year 2 would be 11/03/02-11/02/03, and so on. The first 
available, however for those locations where the illumination was reduced in 2002 only 
three years of after data are available 
An important piece of the analysis was to make sure any modifications to the reduced 
lighting was noted. Special care was also taken to document any modification to the 
illumination reductions over the course of the study period. The following locations were 
recorded as having illumination turned back on for the reasons noted. The year in which 
alysis. 
Table 6 Modifications to Initial Lighting Reductions During Study Period 
Location Summary of Action 
b
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ese modifications occurred were excluded from the crash an
US-26, 185th Avenue Interchange Construction request, lights on summer 2005 
I-205, Clackamas Interchange Construction request, lights on summer 2005 
US-26, Cornell Road Interchange Construction request, lights on summer 2005 
I-205, Foster & Woodstock Blvd Interchange Construction request, lights on summer 2005 
I-205 Lineal Lighting (MP 10.41-10.79) Construction request, lights on summer 2005 
I-205 Lineal Lightin .34-12.33) Construction request, lights on summer 2005 
I-205, Lake Road Int ha  Construction request, lights on s
I-205, Oregon Ci rcha ge Construction request, lights on s
pl a Co uction request, lights on s
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3.7 SUMMARY OF ANALYSIS SECTIONS 
The following tables are summaries of the interchanges and sections where illumination 
was modified and which sections and interchanges were used as reference locations. 
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Table 7 Summary al Sections Wh Was Modified 
Index Route Name MP EMP Configuratio Weather Stations ore Lighting After D uced 
of Line ere Illumination 
 B n Nearest Lighting Bef ate Red
1 I-84 I-84 L  Lighting (MP 9.92-12.60) 92 12.60 Lineal nd Linea Lineal Some 1ineal 9. Portla l Full 0/03/01 
16 I-205 I-205 L al Lighting (MP 6.99-9.18) ine 6.99 9.18 Lineal Portland Lineal Full None 1
19 I-205 I-205 L al Lighting (MP 11.33-12.18)  12.18 Lineal Linea Lineal Some 1
0/12/01 
1 ine 11.33 Portland l Full 0/12/0
23 I-205 I-205 L al Lighting (MP 18.33 -18.64) ine 18.33 18.64 Lineal Portland Lineal Full None 1 1 0/12/0
 
Table 8 Summar changes Wher  Modified 
Index Route Name EMP Interchange C t Weather Stations Ligh efore Lighting After uced 
y of Inter e Illumination Was
 BMP onfiguration Neares ting B Date Red
2 I-84 NE 18 1 13.58 Partial Cloverl tland Partial 1 1 1st 12.6 eaf Por Full 0/03/0
3 I-84 NE 207th 13.97 14.97 Partial Cloverleaf Portland Full Partial 1 1 
4 I-84 NE  16.42 Diamond d Partial 1 1 
0/03/0
 238th 15.45 Portlan Full 0/03/0
5 I-84 Marin  / Troutdale e Dr 16.67 17.56 Split Diamond Portland Full Partial 1 1 
6 I-84 We  Dalles 26 83.87 Diamond tland Partial 0 1 
0/03/0
st The 83. Por Full 3/01/0
7 I-84 Brewer rade y G 85.08 85.95 Diamond Portland Full Partial 0 1 
8 I-84  .12 105.03 Diamond nd Partial  Partial  0  
3/01/0
Biggs Jct. 104 Portla Plus 3/01/01
9 I-84 Rufus 109.40 110.47 Diamond Portland Partial Plus Partial  0  
10 I-84 Ar .19 138.53 Diamond tland Partial  Partial  0  
3/01/01
lington 137 Por Plus 3/01/01
11 I-84 North Powder 285.40 286.10 Diamond Boise Partial Plus Partial  1  
12 I-84 Cam Street .60 304.80 Diam Partial  Partial  1  
0/31/01
pbell 303 ond Boise Plus 0/31/01
13 I-84 North Ontario 374.19 375.10 Diamond Boise Partial Plus Partial 1  
14 I-84 East I Avenue .33 377.30 Partial Cloverl Par  Partial  1  
0/31/01
daho 376 eaf Boise tial Plus 0/31/01
15 I-205 S. We nn  st Li 5.90 6.98 Diamond Portland Full Partial 1
17 I-205 Or  3 9.77 Partial Cloverl  Partial 1  
0/12/01 
egon City 9.1 eaf Portland Full 0/19/01
18 I-205 Parkplace 9.78 10.66 Partial Cloverleaf Portland Full Partial 1
20 I-205 Clack  19 13.04 Partial Cloverl  Partial 1  
0/19/01 
amas 12. eaf Portland Full 0/19/01
21 I-205 Lake  Road 13.05 13.84 Partial Cloverleaf Portland Full Partial 1
22 I-205  oodstock 18.32 Split Diamond d Full Partial 1  
0/19/01 
Foster & W Blvd 17.29  Portlan 0/19/01
24 I-205 Powell and Division 18.65 20.17 Split Diamond Portland Full Partial 1
25 I-205 Stark shington 20.89 Split Diam d Full Partial 1  
0/19/01 
- Wa  20.18  ond Portlan 0/19/01
26 I-205 S Banfield 20.90 21.91 Three Leg Directional Portland Full Partial 10/19/01 
5.17 5.90 Three Leg Directional Portland Full Partial 10/19/01 26 I-84 S Banfield 
27 I-205 Sandy Blvd / Columbia 23.01 23.81 Partial Cloverleaf Portland Full Partial 10/19/01 
28 I-205 Airpor   25.12 Partial Cloverl tland Full Partial 10/19/01 t Way 23.82 eaf Por  
29 US26 Cornelius Pass 62.02 63.03 Partial Cloverleaf Portland Full Partial 10/02/01 
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Index Route Name BMP EMP Interchange Configuration Nearest Weather Stations Lighting Before Lighting After Date Reduced 
30 US26 185th ue  .56 64.88 Partial Cloverleaf nd Full Partial 10/02/01 Aven 63  Portla  
31 US26 Cornell Road 64.88 66.86 Split Diamond Portland Full Partial 10/02/
32 I-5 Gr gs .83 14.72 Diamond dford Partial Plus Partial 12/12/
01 
een Sprin 13 Me  01 
33 I-5 North Ashland 18.55 19.61 Diamond Medford Partial Plus Partial 12/12/
34 I-5 Barnet .87 28.10 Partial Cloverl dford Par Partial 12/12/
01 
t Rd 26 eaf Me tial Plus 01 
35 I-5 Central Point 32.11 33.34 Diamond Medford Partial Plus Partial 12/12/
36 I-5 Nort urg 5.80 127.10 Diamond edford Full Partial 11/15/
01 
h Roseb 12 M 01 
37 I-5 Anlau pqua Hwy) f (Um 161.51 163.00 Trumpet Medford Full Partial 11/15/
38 I-5 Cr 2.47 183.53 Partial Cloverleaf  Par Partial 10/04/
01 
eswell 18  Eugene tial Plus 01 
39 I-5 Glenw Judkins Point) ood ( 191.50 192.24 Partial Cloverleaf Eugene Full Partial 10/04/
40 I-5 Santia 2.84 233.69 Partial Cloverl  Par Partial 01/28/
01 
m 23 eaf Salem tial Plus 02 
41 I-5 Nort  h Albany 233.80 234.89 Partial Cloverleaf Salem Full Partial 02/26/
42 I-5 Kuebl d. 0.60 252.70 Partial Cloverleaf Full Partial 12/05/
02 
er Blv 25 Salem 01 
43 I-5 Nort  h Santiam 253.47 254.70 Partial Cloverleaf Salem Full Partial 01/28/
44 I-5 Mark et 5.70 256.87 Diamond Full Partial 01/03/
02 
et Stre 25 Salem 02 
45 I-5 Hayesville 258.13 259.30 Partial Cloverleaf Salem Full Partial 12/10/
46 I-5 Br 2.90 264.00 Diamond lem Par Plus Partial 12/20/01 
01 
ooks 26 Sa tial 
47 I-5 Woodburn 271.50 272.40 Diamond Salem Full Partial 12/19/
48 I-5 Staffor ad 62 286.65 Partial Cloverleaf Portland Full Partial 10/12/
01 
d Ro 285. 01 
49 I-5 I-5/I-205 287.83 289.20 Three Leg Directional Portland Full Partial 04/05/
49 I-205 I-5/I-  1.63 Three Leg Directi Portland Full Partial 04/05/
02 
205 0.00 onal 02 
 
   
   
 
Figure 10 Map of Modified Sections and Interchanges 
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Table 9 Summary of Reference Lineal Sections 
Index Route Name BMP EMP Nea Station rest Weather Lighting  
1 I-5 I-5 MP 24.64-26.87 24.64 26.87 Medford None 
2 I-5 I-5 MP 28.1-29.72 28.10 29.72 Medford None 
None 3 I-5 MP -3 1  I-5  30.71 2.11 30.7 32.11 Medford 
4 I-5 I-5 MP 33.34-35.15 33.34 35.15 Medford None 
None 5 I- M - 9 5 I-5 P 56.49 57.6 56.4 57.60 Medford 
6 I-5 I-5 M 25- 7 P 192. 193.5 192.25 193.57 Eugene None 
None 7 I- M 19- 4 19  5 I-5 P 194. 195.1 194. 195.14 Eugene 
8 I-5 I-5 M 7-  P 252. 253.47 252.70 253.47 Salem None 
None 9 I- M 7- 70  5 I-5 P 254. 255.7 254. 255.70 Salem 
10 I-5 I-5 M 87- 3 P 256. 258.1 256.87 258.13 Salem None 
None 11 I- M 86- 6 86  5 I-5 P 282. 283.4 282. 283.46 Portland 
12 I-5 I-5 M 26- 2 P 284. 285.6 284.26 285.62 Portland None 
None 13 I- M 65- 3 65  5 I-5 P 286. 287.8 286. 287.83 Portland 
14 I-5 I-5 M 19-P 295. 296.3 295.19 296.30 Portland Full 
Full 15 I- MP 93-306.51 93  5 I-5  305. 305. 306.51 Portland 
16 I-205 I-205 MP 1.63-2.86 1.63 2.86 Portland None 
None 17 I- 5 MP 3.55-5.9 205 I-20 3.55 5.90 Portland 
18 I-205 I-205 MP 13.84-14.27 13.84 14.27 Portland Fu
19 I- 5 MP 14.81-15.89 1 No
ll 
ne 205 I-20 14.8 15.89 Portland 
20 I-205 I-205 MP 16.2-17.29 16.20 17.29 Portland No
21 O 217 MP 1.33-2.05 No
ne 
ne R 217 OR 1.33 2.05 Portland 
22 I-105 I-105 MP 2.35-2.89 2.35 2.89 Eugene No
23 O 126 MP 4.94-5.66 No
ne 
ne R-126 OR- 4.94 5.66 Eugene 
24 OR-126 OR-126 MP 6.43-7.19 6.43 7.19 Eugene No
25 O 126 MP 7.47-9.86 No
ne 
ne R-126 OR- 7.47 9.86 Eugene 
26 I-84 I-84 MP 2.15-3.01 2.15 3.01 Portland Fu
27 I- MP 3.38-4.8 Fu
ll 
ll 84 I-84 3.38 4.80 Portland 
28 I-84 I-84 MP 43.38-45.33 43.38 45.33 Portland No
29 I- MP 45.33-47.62 3 No
ne 
ne 84 I-84 45.3 47.62 Portland 
30 I-84 I-84 MP 62.29-63.5 62.29 63.50 Portland No
31 I- P 82.32-83.26 2 No
ne 
ne 84 I-84 M 82.3 83.26 Portland 
32 I-84 I-84 MP 84-85.08 84.00 85.08 Portland No
33 I- I-84 MP 85.95-86.77 5 Portland No
ne 
ne 84 85.9 86.77 
34 I-84 I-84 MP 87.23-88.66 87.23 88.66 Portland None 
35 I- I-84 MP 208.08-208.97 208.08  Boise None 84 208.97
36 I-84 I-84 MP 210.01-210.47 210.01 210.47 Boise None 
   
  
Index 
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38 
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Route Name BMP EMP Nearest Weather Station Lighting  
I-84 I-84 MP 211.54-213.37 211.54 213.37 Boise None 
I-84 I-84 MP 259.22-261.85 259.22 261.85 Boise None 
39 I-84 MP 262.21-26 None I-84 4.69 262.21 264.69 Boise 
40 I-84 I-84 MP 304.8-306.26 304.80 306.26 Boise None 
41 I-84 I-84 MP 375.1-376 None .33 375.10 376.33 Boise 
42 I-84 I-84 MP 377.3-378.01 377.30 378.01 Boise None 
 
Table 10 Summary of Referen hang
Index Route Name erc eath  g  
ce Interc es 
BMP EMP Int hange Configuration Nearest W er Stations Lightin
101 I-5 South Ashland amo11.27 12.13 Di nd Medford Full 
102 I-5 Crater Lake Hwy. 29.72 30.71 Partial Cloverleaf Medford Full 
High Ma103 I-5 Roque River amo st 48.01 49.4 Di nd Medford 
104 I-5 East Grants Pass 55.25 56.49 Partial Cloverleaf Medford Partial 
High Ma105 I-5 s Pa tial st North Grant ss 57.6 58.54 Par Cloverleaf Medford 
106 I-5 Fairgrounds 122.56 123.59 Diamond Eugene Partial 
Partial 107 I-5 tial Harvard 123.6 124.57 Par Cloverleaf Eugene 
108 I-5 Garden Valley 124.6 125.56 Partial Cloverleaf Eugene Partial 
tial 109 I-5 Van Duyn Road amo Par198.66 199.64 Di nd Eugene 
110 I-5 Corvallis-Leban y. on Hw 227.46 228.72 Partial Cloverleaf Salem Pa
111 I-5 Fargo Road amo Par
rtial 
tial 278.28 279.21 Di nd Portland 
112 I-5 Willsonville 283.46 284.26 Diamond Portland Pa
113 I-5 Nyberg Road rtial Hi st 
rtial 
gh Ma289.08 289.87 Pa Cloverleaf Portland 
114 I-5 Lower Boones Ferry Road 290.05 290.85 Diamond Portland Hi st 
115 I-5 Upper Boones Ferry Road amo Fu
gh Ma
ll 290.86 291.78 Di nd Portland 
116 I-5 Haines Road 292.71 293.48 Diamond Portland Fu
117 I-5 amo Fu
ll 
ll Portland Blvd. 304.54 305.17 Di nd Portland 
118 I-5 N.E. Portland 305.18 305.44 Partial Cloverleaf Portland Fu
119 I-5 Janzen Beac tial 
ll 
High Mast h 307.56 308.2 Par Cloverleaf Portland 
120 I-205 Gladstone 10.59 11.43 Partial Cloverleaf Portland Pa
121 US 26 Helvetia Road amo Par
rtial 
tial 60.57 61.55 Di nd Portland 
122 US 26 Murray Blvd. 66.64 67.74 Diamond Portland Fu
123 I-84 2nd Street amo Par  
ll 
tial63.5 64.31 Di nd Portland 
126 I-84 West Pendleton 206.9 208.08 Partial Cloverleaf Boise Pa
127 I-84 Emigrant Avenue 1 rtial Par
rtial 
tial 208.97 2 0.01 Pa Cloverleaf Boise 
128 I-84 South Pendleton 210.47 2 1.54 1 Diamond Boise Pa
129 I-84 South Lagrande 264.69 265. tial Cloverleaf  Fu
rtial 
ll Boise54 Par
   
  
Index 
1
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Route Name BMP EMP Interchange Configuration Nearest Weather Stations Lighting  
30 OR 22 Lancaster Dr. 1.58 2.31 Diamond Salem Full 
131 OR 217 Walker Road 0.49 1.33 Diamond Portland Partial 
132 OR 217 Allen Blvd. 2.06 2.74 Diamond Portland Partial 
75 3.46 Diamond Portland Full 133 OR 217 Denney Road 2.
134 OR 217 Greenburg Road 4.54 5.37 Diamond Portland Partial 
4. P135 I-105 Q Street 19 19 194.42 Directional Eugene artial 
136 I-105 Mohawk Blvd. 5.66 6.43 Diamond Eugene P
9 F
artial 
ull 137 I-205/ I-84 N Banfield 21. 2 23.13 Three Leg Directional Portland 
138 I-5  Chemawa 259.49 260.86 Three Leg Directional Sa F
 
ull lem 
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4.0 EVALUATION PLAN 
on 
l 
 
methods mentioned 
above is included at the end of this chapter.  
4.1 NOTATION 
As discussed in Chapter 3.0, each location where the illumination was modified was 
categorized broadly based on the types of changes. Each location is considered an entity 
identified with the notation (j). Recall that the types of lighting modifications are: 
• Group A - full interchange lighting to partial interchange lighting; 
• Group B & C - lineal full lighting to no lineal lighting & lineal full lighting to 
partial lineal lighting; and  
• Group D - partial plus interchange lighting to partial interchange lighting. 
In addition, for each entity (j), for each year (y) crash counts were obtained for each of 
the following crash categories: 
• TOTAL crashes; 
• TOTAL_DAY  crashes; 
• TOTAL_NIGHT crashes; 
nd 
In the literature, a number of methods have been used for observational before-after 
studies of highway safety: 1) simple approach (naïve before-after); 2) yoked comparis
site; 3) comparison group; and 4) empirical-bayes methods. Since these are observationa
studies, random assignment of controls and treatments as might be done in a medical 
study is not possible. The primary challenge in highway safety evaluations is an accurate
prediction of the expected number of crashes in the after period had the treatment not 
been implemented.  After this prediction, a comparison can then be made with the 
estimated number of crashes with the treatment in place.  This prediction is challenging 
because of the influencing factors that must be controlled including traffic conditions, 
weather, land use, crash reporting levels, and long-term trends. In this evaluation, two 
methods are used to evaluate the change in safety at the locations where the illumination 
was modified: 1) the simple before and 2) empirical-bayes approach. The methods used 
are described in this chapter. A brief discussion of the alternative 
• FAT_INJ crashes (including fatal and injury A, B, and C crashes); 
• FAT_INJ_DAY crashes (including fatal and injury A, B, and C crashes); a
• FAT_INJ_NIGHT crashes (including fatal and injury A, B, and C crashes). 
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For this analysis, the change in safety performance is estimated for each entity (j) as well
as a composite estimate of the three categories.  The general notation for both o
 
f the 
before-af
me 
• π (j) 
treatm
 of the treatment, λ is compared to π with the 
shes, δ,  and the ratio of safety or the index of 
effectiveness, θ : 
ter studies is consistent and is: 
• K(j) is the observed number of crashes in the before time period; 
• L(j) is the observed number of crashes in the after time period; 
• λ (j) is the estimate of the number of crashes that took place in the after ti
period; and 
is the estimate of the number of crashes in the after time period if the 
ent had not taken place. 
To judge the effect on safety performance
following parameters: the reduction in cra
 λπδ −=             (1) 
  πλθ /=            (2) 
rease 
cr rved 
in
 range of 
its likely values. The variance 
rd deviation. Generally, the 
lus or minus one standard deviation or assuming a normal 
n be estimated 
 analysis summaries in the 
able 11 are reported. 
 
Table 11 Standard Estimates of Parameters 
Values of θ less than 1.0 indicate a reduction in crashes and values greater than one 
indicate an increase in crashes. It is common to report these changes in percent dec
in crashes (a reduction). In that case, the percent change in crashes is in fact 100(1−θ); 
thus a value of θ = 0.80 with a standard deviation of 0.10 indicates a 20% reduction in 
ashes with a standard deviation of 10%.  A θ greater than 1.0 indicates an obse
crease in crashes.  
It is also important to know not only the point estimate of each parameter but the
of each parameter is estimated as part of both procedures. 
Recall that the square root of the variance is the standa
estimate can be reported as p
distribution for the parameter estimates, the 95% confidence intervals ca
by 1.96 multiplied by the standard deviation. In the
Appendices, the parameter estimates as shown in T
Estimate of parameters Estimate of variance Estimate of standard 
deviation 
λ VAR (λ) σ (λ)  
π VAR  (π) σ (π)  
δ = π−λ VAR  (δ) σ (δ) 
VAR  (θ) σ (θ) θ = λ/π 
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4.2 SIMPLE BEFORE-AFTER ANALYSIS 
T ture crash 
ounts.  Hauer (1997) notes that several problems arise when the simple before-after 
study is used.  The factors that make any conclusive results about a treatment 
uestionable fall into five groups: 
• In addition to the change due to treatment, other factors change over time such 
use. 
anges at 
various times during the 
• The cost of repairs, which change gradually over time, will affect the count of 
eporting limit will occasionally 
cause the crash count to suddenly change (one change in reporting occurred in 
the analys
ay be changing with 
• The results of the crash history may be affected by regression-to-the-mean 
bias.  Accounting or a
important whenever the crash h
ated. In traditional safety evaluations, entities are 
they have experienced some unusual or high crash 
pattern. If an ent
this “unusual” crash history is not a 
n the case of this 
sen for illumination 
al 
 know.  Other drawbacks include the fact that reductions in 
 
 
 
e after 
 L is the sum of crashes 
in the after period . The duration period for each entity for the before and after period 
may be different for each entity.  The ratio of durations is defined as: 
he simple before-after approach assumes that past trends will predict fu
c
q
as traffic, weather, road use behavior, vehicle fleet, and land 
• Various other programs and treatments may have affected the ch
before or after period. 
property damage only (PDO) crashes.  The r
is period). 
• The probability of reportable crashes being reported m
time. 
djusting for this regression-to-the-mean bias is 
istory of an entity is related in some way to the 
reason why its safety is estim
often treated because 
ity is chosen on the basis of unusually high crash counts then 
good basis for predicting what would be 
expected in the future if treatment were not applied. I
analysis, the selection bias is present – locations were cho
reductions because, in part, they did not experience a safety problem. 
Hauer states that the main deficiency of the simple before-after study is that the statistic
analysis can only determine the estimated of size of the mix of effects; it cannot 
determine how much of it is due to the treatment and how much of it is due to other 
influences.  Although statistical precision may be high, the estimate may not tell 
researchers what they want to
crashes tend to be overestimated and large sample sizes are needed to detect small 
changes in safety.  
The methodology used in this analysis procedure for a composite entity is similar.  In the
procedure, modified locations are identified by entity number (j) and year (y). Crash 
counts for the before period at the before sites are designated K(1), K(2), . . . , K(j). Note
that K is the sum of crash counts for all before y years. For example, if the yearly before
counts for three years were 2, 3, and 5 at entity (j), K(j) would be 10. Likewise, th
period crash counts are designated with L(1), L(2), . . . , L(j) and
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entity jeriod for f before pDuration o
ntity jriod for ef after peDuration ojrd =)(      (3)  
In this ana alysis 
methods, the best estimate for what the crash performance in the after period simply the 
wn in 
ual 
  (5) 
The estim e been without the treatment is the 
extension of the before crash on periods. For example, if 5 
crashes ld 
lysis, the unit of time measurement is 1 year. As is the case for both an
count of crashes in the after period as shown in equation (4) and the variance is sho
equation (5). Note that since a Poisson counting process is assumed, the variance is eq
to the mean. 
   L(j)∑=λ              (4) 
  L(j)}VAR{ ∑=λ         
ate of what the crash performance would hav
counts by the ratio of the durati
 were observed in 3 before years and the after period was also 3 years, π wou
also be 5 crashes. The following equation is used: 
( )   j)K(j)(rd∑=π             (6) 
( ) K(j)j)(r}VAR{ 2d∑=π         (7) 
Finally, the estimated change in the total number of crashes is 
λπδ −=             (8) 
With the estimated variance of δ is then given by 
}VAR{}VAR{}VAR{ λπδ +=        (9) 
To estimate the index of effectiveness, θ, the unbiased estimator of θ is calculated with 
{ }
πλ
2VAR1 ππθ +=          (10) 
The correction factor in the denominator is usually only slightly larger than 1. Assuming 
the correction factor in equation (10) is constant the estimate of the variance of θ is 
{ } ( ) ( )[ ][ ]22
222 /}VAR{}VAR{VAR ππλλθθ +=      (11
/}VAR{1 ππ+ ) 
With these parameters estimated the standard deviations can be estimated with equations 
( ) { }δδσ VAR=         (12) 
and 
( ) { }θθσ VAR=         (13) 
pleted 
for individual entities as well as pooled for a composite estimate. 
Finally, the percent reduction is estimated as 100(1- θ). The analysis can be com
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4.3 EMPIRICAL-BAYES 
The EB method is considered the state of the art evaluation procedure developed and 
regarded as superior to the method previously discussed.  This approach can address the 
s 
hout treatment: 
• the crash records of that entity; and  
• the crash frequency expected at similar entities.   
In the EB method, a multivariate regression model (sometimes referred to as a safety 
 Figure 
d 
 crash counts the more 
regression-to-the-mean phenomena and properly account for changes in traffic volume
and other variables expressly controlled.  The EB method uses two clues in order to 
estimate the crash count of an entity wit
performance function (SPF)) is used to estimate the expected crash frequency at the 
treated locations had modifications not been made.  The method has been pioneered by 
Hauer (1997)and used by many others in recent evaluations (Council et al., 2005; 
Harwood et al., 2002; Persaud et al., 2005; Persaud et al., 2003). The observed counts 
and the expected counts are combined to produce an improved estimate of the crash 
frequency in the after period. A simple representation of the technique is shown in
12 (Harwood et al., 2002). The modeled or expected crash frequency is combined with 
the observed crash frequency to produce the adjusted estimate. The weight given to each 
value is dependent on the years of data used and the overdispersion parameter estimate
from the regression models. The more years of data in the observed
“weight” that observation is given in combining the two results.  
 
Figure 12 Simple Representation of EB Estimate (from Harwood) 
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The SPF is a multivariate regression models calibrated from data of similar sites 
(reference group).  For this research, SPFs were developed and are documented in the 
following chapter.  Using these models, the expected number of crashes for similar 
interchanges or segments can be estimated for the before and after period at locations 
with traffic volumes and other characteristics similar to the interchange. The predictive 
equation takes the form in (14) where β is the coefficient values estimated by the model 
an s t  crashes: d Xn i he independent variables and τj,y is the expected number of
( ) )...( 22110, nnyj XXXEXPE ββββτ +++=     
The application of the EB methodology if SPFs are available is essentially the same as 
the simple before after analysis. For each entity (j) for each year (y) including the after 
analysis period the predicted crash count from the SPF as in equation (14) are estimated
The total crashes predicted are then summed. Cb is the sum of predicted crashes in the 
before period and C is the sum of predicted crashes in the after period given in the 
(14) 
. 
a 
following equations: 
 ( )[ ]∑= yjb EC ,τ          (15) 
( )[ ]∑= yja EC ,τ          (16) 
The variance can then be estimated with: 
( )
φ
2
b   }VAR{C b
C=           (17) 
( )
φ
2
a   }VAR{C a
C=          (18
where φ is the Hauer overdispersion parameter estimated from the SPFs.  Please note that 
the overdispersion estimates given in modeling software programs such as PROC 
GENMOD in SAS and glm.nb in R are the inverse of the overdispersion parameter 
) 
φ  i
equation 17 and 18.  All overdispersion values given in the report are in Hauer’s notation. 
n 
b
b
C
CVarj )(1
1)(
+
=α
         (19) 
The before crash count is then adjusted using the EB procedure such that k(j) is: 
( ) ( )[ ] ( )jKjCjjk b αα −+= 1)(         (20) 
ith variance estimated as  w
( )[ ] ( ){ }jkjα−= 1 VAR{k(j)}         (21) 
A ratio of the predicted sums is then calculated as 
( )
( )jC
jCjr
b
a
c =)(           (22) 
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The expected number of crashes that would have occurred in the after period without 
changes to the illumination is given the notation B(j) and is simply the ratio of the 
predicted counts multiplied by the adjusted EB counts in the before period and the 
customary estimate of the variance: 
          (23) 
       (24) 
( ) ( )jkjrc= B(j)
( ) ( ){ }jkVARjrc 2  VAR{B(j)} =
( ) ( )jLjB −=δ           (25) 
)( ){ } ({ }jLVARjBVARVAR +=}{δ        (26) 
The index of effectiveness (θ) is estimated as 
( )
( )
( ){ }
( )( ) ⎥⎦
⎤⎢⎣
⎡ += 21)( jB
jBVAR
jB
jLjθ         (27) 
 
 ( ) ( ) ( ) ( ){ } ( )( )( ){ } ( )( )22
222
1
(jvar{
jBjBVar
jBjBVarjLjLj
+
+=)} θθ      (28) 
( ){ }jVARj θθσ =)((         (29) 
To obtain the estimates for the pooled groups, the following equations are need: 
)
j
c jkjr
1
 sum          (30) 
      (31) 
)           (32) 
)        (33) 
The index of effectiveness (θ) is estimated as 
( ) ( ) ([ ]∑
=
=
n
B
( ) ( ){ }[ ]∑
=
=
n
j
c jkVARjr
1
2  }VAR{B(sum)
( ) (∑
=
−=
n
j
jLsumB
1
δ
( ){ } (∑
=
+=
n
j
jLsumBVARVAR
1
}{δ
( )
( )
( ){ }
( )( ) ⎥⎦
⎤⎢⎣
⎡ += 21)( sumB
sumBVAR
sumB
sumLsumθ       (34) 
 ( ) ( ) ( ) ( ){ } ( )[ ]( ){ } ( )( )22
222
1
(sumvar{
sumBsumBVar
sumBsumBVarsumLsumLsum
+
+=)} θθ    (35) 
( ){ }sumVARsum θθσ =)((         (36) 
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4.4 EVALUATION METHODS NOT SELECTED 
Two other methods were mentioned in the introduction: the yoked comparison and 
comparisons group. While these methods are an improvement over the simple before-
after approach, the data requirements are, in effect, similar to the EB method. With the 
EB method being superior, these methods were not considered further. However, a brief 
description follows. Please refer to Harwood et al (2002) for additional discussion and 
examples of these methods. 
The yoked comparison (YC) method requires one-to-one matching between the treatment 
and comparison sites.   The key assumption in the YC procedure is that changes in 
crashes between the before and after periods at any comparison site will represent the 
changes in the corresponding treatment site if treatment had not been implemented. The 
Comparison Group (CG) method is similar to the yoked comparison, but instead of one 
site it uses a comparison group.  The limitation of a single comparison site is overcome 
by the CG method.  From the YC approach, the idea of a one-on-one matching is 
discarded and available comparison sites are taken as a whole.  
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5.0 SAFETY PERFORMANCE FUNCTIONS 
As described in the previous chapter, the EB method requires safety performance 
functions for the types of crashes and the facilities being evaluated. SPFs for Oregon-
specific facilities have not been previously been created and their development was a 
major effort in this evaluation. SPFs were developed for interchanges and lineal section
for both total and fatal and injury crashes (for all, day, and night light conditions). This 
chapter describes the methodology 
s 
used to estimate the SPFs.  
5.1 PREDICTIVE CRASH MODELS 
Predictive crash models are regression models that are used to estimate the 
frequency of crashes based on a set of explanatory variables. In most recent research, 
safety performance functions have been estimated with Poisson and negative binomial 
regression (NB) models. SPFs using these techniques have been advanced by Hauer 
(1997) and used by Poch and Mannering  (1996), Shankar et al. (1995), and Miaou and 
Lum (1993) , Vogt and Bared (1998), Harwood et al (2002) and many others.  As 
suggested in Lord et al (2005), the Poisson and NB models are a theoretically appealing 
representation of the crash occurrence process. The Poisson model is suited for crash 
count data since the distribution approximates rare-events; however, it requires the mean 
of the count process equals its variance.  Evidence in a large body of literature suggests 
that most crash data will likely be overdispersed (i.e., the variance will be significantly 
greater than the mean) and the restriction can be relaxed in the negative binomial 
regression method. The Poisson model is given by equation (37) in terms of the 
  
probability of having yi number of crashes per year at location: 
( )
!i
y
i
i y
eyP
iλλ−=        (37) 
where i having y crashes per year, and λi is 
the ct on i.e., E (yi). Poisson regression 
P (yi) is the probability of a crash at location 
 expe ed number of crashes per year for locati
models estimate λi using standard maximum likelihood methods as a function of Xi 
explanatory variables using the log-linear model in equation (38) (Washington et al., 
2003).  
ii βXln =λ         (38) 
 model adds an independen buted rror te  in the eter e n 
laxes the assumption that the mean equals the varian shown in (40) 
ion. The NB m el is estimated fr uation sing 
maximum likelihood techniques (Wa ngton l., 2003
The NB t distri  e rm ε  param quatio
(39) which re ce as 
where α = a measure of dispers od om eq (40) u
standard shi et a ).  
   iii ελ += βXln      9)   (3
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( ) ( )( )∏   ⎟⎟   ⎠+ iλα/1
⎞
⎝
⎛
⎠
⎞
⎜⎜⎝
⎛
Γ
+Γ=
i ii
i y
yL α
αλ
α
/1
1
!)/1(
)/1(
/1
  
he predictive equation takes the form in (41) where β is the set of coefficient values 
or λ for 
2110 n XX ββββ ++      (41) 
REFERENCE MO ING ROU
lop the SPFs, a sui fer e grou f locati here ill tion 
not been made were assembled. These locations were selected from the  
ay system. The criteria or eac tercha includ minati sence 
ant construction activities (I-205 Sunnyside, US-26 Sylvan to Murray, etc), and 
volumes and surroundings (less important). For lineal sections, the reference 
 lineal sections between th  influ re rc rba
burban-type road characters were used. While fully illuminated sections were desired, 
most of those sections are in the Portland area. In order to generate a large enough sample 
to estimat ons in urban areas were used. No 
interchanges were included in any 
Models tegories for interchanges and 
lineal s
• TOTAL_NIGHT crashes; 
• FAT_INJ crashes; 
• FAT_INJ_DAY crashes; and 
• FAT_INJ_NIGHT crashes. 
⎜⎜ i⎟⎟+ λα
/
yi
i λα (40)
T
estimated by the model and Xn is the predictive variable and τ is substituted f
consistency with Chapter 4’s notation. 
 
)n..2X + .(EXPτ =
5.2 DEL  G P 
In order to deve
reductions have 
table re enc p o ons w umina
Oregon freew  f h in nge ed illu on, ab
of signific
similar 
group was e ence a as of inte hanges. U n and 
su
e the models, both lit and unlit lineal secti
of the lineal reference sections. 
As discussed in Chapter 3.0, all data collected for the modified interchanges and sections 
was also gathered for the reference sections. In order to match the crash records with the 
modified illumination sections, the date range (rather than the calendar year) that was 
most common in the modified sections (Year -1 09/03/00-09/02/01 and Year 1 11/03/01-
11/02/02) was chosen. A total of 38 interchanges and 53.30 miles of lineal sections were 
selected for reference group modeling. These locations were shown in Figure 11. 
5.3 MEASURES OF SAFETY 
 were generated for each of the following crash ca
ections:  
• TOTAL crashes; 
• TOTAL_DAY  crashes; 
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For the fe crash counts at each interchange over the 
analysis period (years -5 to 4) are shown in Figure 13. These same data are shown for the 
lineal s i ributions essentially show the same 
pattern for the three crash types and severities. As expected, for all crash types in the 
referen g ro. 
5.4 G BLES 
rposes, 
he 
e exposure variables was straight forward – 
re are a 
e 
gainst the total 
 
n. In Figure 15F, the volumes are per lane. Again it is apparent that 
e 
e 
sures using the assumed percentages shown in Table 5 
 re rence group, the distribution of the 
ect ons in Figure 15. The frequency dist
ce roups, the most common observed crash count is ze
EOMETRIC AND TRAFFIC VARIA
Past studies have shown a number of geometric and traffic variables that relate to 
highway safety performance.  Although they may differ in their approaches and pu
they offer insight into which variables may be the most appropriate for developing SPFs 
for this analysis.  A FHWA report by Bauer et al “Statistical Models of Accidents on 
Interchange Ramps and Speed-Change Lanes” provides considerable guidance on t
appropriate variables for modeling interchange accidents (Bauer and Harwood, 1997).  
Clearly, traffic volumes will have a significant relationship with the number of crashes. 
For lineal sections, the selection of the volum
total average volume and section length were used. However, for interchanges the
number of variable expressions that could be used to capture the amount of traffic that 
interacts in the interchange. Since both mainline and ramp volumes were available for 
model estimation, a number of interactions between these volumes were explored. The 
merging movement is typically considered more complicated for the driver especially 
with high mainline volumes. To explore these various combinations, scatter plots wer
created with volume and one of the dependent variables (in this case total crashes).  
In Figure 15A and B, the mainline average daily traffic is plotted a
crashes. The trend shown by both plots is similar. Expressions were also created that 
capture the amount of interaction between the mainline volumes and on-ramp demand. 
The total mainline volume per lane plus the on-ramp demand is shown in Figure 15C. 
The total mainline volume per lane multiplied by the on-ramp demand is shown in Figure
15D. Again, the pattern shown is similar to A and B. Finally, in Figure 15E and F 
expressions capturing the sum of all volumes in the interchange (mainline +on-ramps 
+off-ramps) are show
the pattern of data are roughly similar. A number of other combinations were explored 
but none yielded data patterns that were substantially different from the ones shown in 
Figure 15. Given that all volume-crash patterns appear roughly similar, the most intuitiv
volume expression was selected. For all models developed, the exposure variable is th
sum of all volume in the interchange as shown in Figure 15E. This expression was 
adjusted for day and night expo
depending on the interchange’s location.  
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Figure 13 Histograms of Crash Variables, Reference Interchanges 
 
Figure 14 Histograms of Crash Variables, Reference Lineal Sections 
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Figure 15 Plots of Volume Combinations Considered for Interchange Modeling 
 
Other researchers such as Bauer and Harwood (1997) and Garber and Smith  (1996) have 
shown that interchange configuration will likely influence the number of crashes. The 
majority of the interchanges in the reference group were classified as either diamond or 
partial cloverleaf.  Two interchanges could be considered directional. Interchange 
configuration was included as a categorical variable (see Figure 4) in the model 
estimation.  While not considered in previous studies, a categorical variable for the type 
of lighting (full or partial lighting) was included in the model development. In Figure 16 
boxplots of the crash rate (total crashes per total million entering volume) for each 
interchange type and existing lighting condition (from the reference group) are shown. 
The relationships between crash rates is consistent with Bauer and Harwood with 
cloverleaf-type interchanges having higher crash rates than diamond interchanges and 
directional having the safest rate. In terms of lighting type, locations with full interchange 
lighting have a slightly higher crash rate than partial locations across all interchange 
configurations.  
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Figure 16 Crash Rate by Interchange Type and Lighting 
5.5 WEATHER 
Weather related effects were captured by measuring the number of days per month with 
precipitation > 0.10 inches for the nearest weather station for both lineal and interchanges 
reference modeling populations. Day of precipitation was selected as a proxy for days 
with cloud cover which is has influence on the amount of ambient light available (see 
Chapter 3.0). The weather data were associated with the nearest automated NOAA 
counting station. A histogram showing the distribution of annual number of days with 
rain over the analysis period is shown in Figure 17 for both the interchanges and lineal 
sections. Because the geographic distribution is similar for both groups, the histograms 
essentially show the same pattern. 
 
 
Figure 17 Histogram of Days of Rain, Reference Group 
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5.6  
 
SUMMARY OF VARIABLES
The data used in the development of the safety performance functions are summarized in 
Table 12 and Table 13.  
Table 12 Summary of Variables Considered for Use in Model Fitting, Interchanges 
Variable Total Min Max Mean Std Dev 
TOTAL 5,473 0 98 16.00 17.98 
TOTAL_DAY 4,087 0 88 11.95 14.39 
TOTAL_NIGHT 1,386 0 22 4.05 4.29 
FAT_INJ 2,323 0 40 6.77 7.93 
FAT_INJ_DAY 1,710 0 35 5.00 6.26 
FAT_INJ_NIGHT 613 0 14 
DAYS_RAIN  68 190 
1.79 2.22 
145.52 31.66 
A 1,934.82 57,622.87 LL_VOL  12,160 219,400 9
LIGHTING (Categorical) Full or Partial 
INT_TYPE (Categorical) Diamond, Partial Cloverleaf, Directional 
 
Table 13 Summary of Variables Considered for Use in Model Fitting, Lineal Sections 
Variable Total Min Max Mean Std Dev 
TOTAL 3,058 0 58 8.09 10.79 
TOTAL_DAY 2,174 0 43 5.75 7.91 
_NIGHT 88 34 8 
3 6
Y 8
GHT 39 9
7
0 8
ANES  4 6 4.48 0.85 
.95 46,937.52 
TOTAL 4 0 21 2. 3.2
FAT_INJ 1, 22 0 32 3.50 4.8  
FAT_INJ_DA
I
930 0 22 2.46 3.5  
FAT_INJ_N 2 0 16 1.04 1.6  
DAYS_RAIN   68 190 139.10 35.1  
LENGTH   .43 2.63 1.27 0.5  
L
VOLUME  6,860 165,620 58,494
 
5.7 MODELING DEVELO  
ling was d o xpl ated using negative 
gression fo ar a nction osure, road geometry, and 
bles in 2 sing  glm.nb ion in the statistical software 
alibr e om  for goodness-of-fit and other parameters. 
as then modeled 
in SAS using PROC GENMOD with YEAR as a repeated measure to capture year-to-year 
effects (since the R software was not easily able to address the negative binomial error 
structure with the repeated measures GEE analysis). These modeling efforts are described 
in the following subsections (code for both R and SAS models are in Appendix E).  
PMENT
The mode one in tw  steps. E oratory models were estim
binomial re models r each ye s fu of exp
weather varia
R (R, 2005).  C
 Table 1 and 13 u  the  funct
ated mod ls were c pared
The most promising model for both the interchange and lineal sections w
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5.7.1 Exploratory Interchange Models 
The following models were specified (note that exposure was transformed with the 
natural logarithm consistent with other approaches to model counts). All of these models 
were fit for each of the 6 dependent variables (measures of safety) for a total of 48 
models. 
 
• Model  1=VOLUME 
• Model  2=VOLUME+DAYS_RAIN 
• Model  3=VOLUME+DAYS_RAIN+INT_TYPE 
• Model  4=VOLUME+DAYS_RAIN+INT_TYPE+LIGHTING 
• Model  5=VOLUME+INT_TYPE 
• Model  6=VOLUME+LIGHTING 
• Model  7=VOLUME+DAYS_RAIN+LIGHTING 
• Model  8=VOLUME+INT_TYPE+LIGHTING 
For each model, estimates of the variable coefficients were generated, diagnostic plots 
were created, correlation of variables was determined, and measures of model fit 
generated.  Because each year’s crash count cannot be considered as independent of the 
years before and after it, preliminary modeling effort models were generated for each 
year to test the significance of each variable. In the interest of space, the estimated 
coefficients and significance for each of the models are shown in Table 14 for total night 
crashes  in year -1 only. Two-dimensional plots of each of the predicted vs. actual crash 
counts are also shown in Figure 18.   
It is clear from the model plots and the coefficient estimates in Table 14 that the 
VOLUME variable is significant in all models. None of the additional variables (with the 
exception of the “Partial Cloverleaf” in models 4 and 5) are significant. Furthermore, the 
coefficient for DAYS_RAIN variable is also counterintuitive in that the sign is negative 
(more rain days would have less crashes). Also, inspection of the model plots in Figure 
18 confirm that the additional variables have little effect on the overall model. These 
models were run for each year and for each crash type with similar results. A few models 
of fatal and injury night crashes in some years did not converge.  
In Table 13, measures of model fit are presented. R2 values for NB regression models are 
ave been proposed.  In, the pseudo-R2 
DEV presented in Cameron and Trivedi  (1998) is shown (1-Residual Deviance/Null 
eviance). In addition, Akaike’s Information Criteria is shown. Models with lower AIC 
riteria are preferred and it does not necessarily increase with additional regressors. Also, 
it is noted that Model 1 has the best (closest to 1.0) pseudo R2 estimate as well as the 
lowest AIC values.  
not available but a number of pseudo-R2 values h
2R
D
c
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In gene plain the dependent variable (counts 
of crashes) w lp avoid overfitting.  Models that are overfit with too many variables 
vanced 
T ange Crashes, Year (-1), Total Night Crashes 
  
ral, using the least number of variables to ex
ill he
will tend to perform poorly when predicting a new sample drawn from the same 
population. Models should also have coefficients should reflect observed conditions. 
Based on these considerations and the goodness-of-fit parameters Model 1 was ad
to the final model calibration.  
 
able 14 Estimates of Coefficients for Models of Interch
      VOLUME  DAYS 
_RAIN  
INT_TYPE  
  
LIGHT      
 Intercept          Directional 
Partial 
Cloverleaf  Partial  
Pseud
o R2 AIC 
dispersi
on
1 -10.474 *** 1.182 ***         0.42 
Over-
1 
157.43 8.13 
2 -11.168 *** 1.373 *** -0.009    
-11.361 *** 1.305 *** -0.003  -0.373  
    0.41 158.48 7.98 
0.389    0.36 157.83 15.72 
 -11.719 *** 1.346 *** -0.004  -0.364  0.392 . 0.098  0.36 159.62 17.42 
 0.36 155.97 16.39 
608 *** **  9 0.42 159.3 8.28 
.471 *** * 10   0 41 0.3 8.
* *** 0.3 1 3 7.8
3 
4
5 -11.128 *** 1.236 ***   -0.360  0.414 *  
6 -10.
7 -11
1.193 
1.409 
*  
** -0.0
  
   
  
 
0.04
0.09
 
 0.
8 
3  16 26 
8 -11.382 ** 1.257    - 50  0.421  0.08   0. 6 15 2 18.04 
 
*** Significant > 0.001, *  at n . f
 ( on r b
* Significant 0.01, * Sig
1
ificant at 0
 
05, # Signi
e
icant at 0.1 
y1 – Overdispersion consistent with Hauer /dispersi paramete stimated  R)  
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Figure 18 Two-Dimensional Plots of Interchange Models, Total Night Crashes, Year (-1) 
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5. ry Lineal Section Models 
bration. 
on the 
 
nd 
GTH means the dependent variable count of crashes 
ecomes “count of crashes per length”. Categorical variables for lighting configuration 
were not used. The following models were specified (note that exposure was transformed 
with the natural logarithm consistent with other approaches to model counts): 
 
• Model  1=VOLUME  
• Model  2=VOLUME  / OFFSET = LENGTH 
• Model  3=VOLUME  / OFFSET = LANES 
• Model  4=VOLUME + LENGTH 
• Model  5=VOLUME + LENGTH / OFFSET = LANES 
• Model  6 =VOLUME + LENGTH + DAYS_RAIN 
• Model  7= VOLUME + LENGTH + DAYS_RAIN / OFFSET = LANES 
The exact methodology described for the interchange models was followed for the lineal 
sections. The estimated coefficients and significance for each of the models are shown in 
Table 15 for total night crashes in year -1 only. Two-dimensional plots of each of the 
models are also shown in Figure 19.  It is clear from the coefficient estimates in Table 15 
that the VOLUME variable is significant in all models. Neither LENGTH nor 
DAYS_RAIN are significant in any of the models. Also, inspection of the model plots in 
Figure 19 confirms that the use of LENGTH does improve model fit but additional 
variables have little effect on the prediction of crashes. Measures of model fit are 
presented in Table 15. In this case, Model 2 (LENGTH as offset) and 4 (LENGTH as 
variable) were chosen as the preferred forms and were advanced to final calibration. 
While other model forms have slightly better pseudo R2 and AIC values they are not as 
appealing as including models that incorporate length.  
 
 
 
 
7.2 Explorato
For the lineal sections, fewer independent variables were available for model cali
Unlike interchanges, the length of the section is likely to have a strong influence 
number of crashes observed. Likewise, the number of lanes is an important exposure
measure. Exposure measures can either be included in the model or assumed to have a 
linear effect and be included with an offset. Models were generated including length a
number of lanes as independent variables, as well as using offsets of these variables.  
Offset variables essentially have the coefficient of 1.0 and the independent variable 
becomes crashes per offset (in this case crashes per mile or crashes per lane). For 
example, using the offset LEN
b
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Table 15 Estimates of Coefficients for Models of Lineal Crashes, Year (-1), Total Night Crashes 
 
 Intercept  VOLUME  LENGTH  DAYS_RAIN  Pseudo AIC φ Over-
dispersion1 R2 
1 -9.534 *** 1.091 ***     0.56 151.41 0.63 
2 -11.324 *** 1.273 ***     0.51 154.42 
3 -9.698 *** 0.949 ***     0.64 153.12 0.71 
4 -10.218 *** 1.135 *** 0.225    0.55 152.92 0.61 
5 -10.415 *** 0.994 *** 0.237    0.63 154.58 0.69 
6 -10.135 *** 0.938 *** 0.235  0.013  0.53 153.23 0.59 
7 -10.266 *** 0.776 ** 0.245  0.014  0.60 154.68 0.65 
0.76 
 
*** Significant > 0.001, ** Significant at 0.01, * Significant at 0.05, # Significant at 0.1 
1 – Overdispersion consistent with Hauer (1/dispersion parameter estimated by R) 
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Figure 19 Two-Dimensional Plots of Lineal Models, Total Night Crashes, Year (-1) 
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5.7.3 Final Interchange Models 
As discussed in the exploratory section, each year’s crash count cannot be considered as 
an independent of the years before and after. As such, a repeated measures approach w
done to develop the final models. The selected model forms identified in the explorat
analysis were modeled in SAS using the PROC GENMOD procedure with YEAR as a 
repeated measure to capture year-to-year effects. A negative binomial error structure was 
assumed. SAS was used because the R software was not easily able to address use the 
negative binomial error structure with the repeated measures GEE analysis. Models were 
calibrated for each crash type using the corresponding VOLUME (average daily volume 
for total crashes, average day volume for day crashes and average night volume for night 
crashes). These calibrated models can then be used in the EB-analysis. 
The final model functional form is then shown in equation (42): 
)()( 0, 1 βατ β += YEARyj EXPVOL        (42) 
as 
ory 
dix B. Plots of each of the predicted 
values and the observed crash counts are shown in Figure 20.  As one can see, the 
modeled crash counts fit very well with observed crash counts.  
terchange Crashes 
Model Intercept Volume 1996 1997 1998 1999 2000 2001 2002 2003 2004 
The estimated coefficients for each of the models are shown in Table 16. The YEAR 
coefficient captures the year-to-year effect of exogenous model variables (those not 
included in the final model form such as weather, population changes and others). 
Detailed results for all models can be found in Appen
Table 16 Estimates of Coefficients for Final Models of In
Total  -12.861 1.355 0.052 -0.092 -0.008 0.122 -0.004 -0.133 0.149 0.130 0.000 
Total Day  -13.534 1.419 0.103 -0.089 0.028 0.115 0.007 -0.176 0.164 0.106 0.000 
Total Night  -11.040 1.247 -0.111 -0.066 -0.191 0.057 -0.093 -0.155 0.063 0.176 0.000 
Fatal & Inj -14.773 1.453 0.019 -0.069 -0.197 -0.062 -0.207 -0.176 0.053 0.113 0.000 
Fatal & Inj Day -14.883 1.468 0.041 -0.095 -0.181 -0.080 -0.157 -0.226 0.066 0.131 0.000 
Fatal & Inj Night -12.719 1.336 -0.099 0.094 -0.295 -0.058 -0.341 -0.138 0.001 0.103 0.000 
 
Table 17 Goodness of Fit Statistics for Final Models of Interchange Crashes 
Model Deviance Pearson 
Statistic 
Degrees 
of 
Freedom 
φ Over-
dispersion1 
Total  364.171 368.257 332 3.697 
Total Day  360.866 356.266 332 3.224 
Total Night  377.852 372.408 332 7.289 
Fatal & Inj 370.062 379.284 332 3.666 
Fatal & Inj Day 358.686 358.230 332 3.085 
Fatal & Inj Night 340.928 354.764 332 6.317 
1 – Overdispersion consistent with Hauer (1/dispersion parameter estimated by PROC GENMOD in SAS) 
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Figure 20 Plots of Selected Final Models, Interchanges 
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5.7.4 Final Lineal Section Models 
As discussed in the exploratory section, model forms with the LENGTH variable as and 
offset and as an independent variable were forwarded for final calibration. The model
were not substantially different and the offset version was chosen (assuming the 
contribution of length to exposure was constant). The final models functional form is 
shown in equation (37): 
)(*)()( 1 LENGTHEXPVOL βατ β +=      
s 
(37) 
 
rashes 
 2003 2004 
0, YEARyj
The estimated coefficients for each of the models are shown in Table 18. The YEAR 
coefficient captures the year-to-year effect of exogenous model variables (those not
included in the model form such as weather, population changes and others). These 
calibrated models can then be used in the EB analysis. Two-dimensional plots of c
per mile are shown in Figure 21.  Detailed results can be found in Appendix C. 
Goodness-of-fit measures are shown in Table 19. 
 
Table 18 Estimates of Coefficients for Final Models of Lineal Section Crashes 
Model Intercept Volume 1996 1997 1998 1999 2000 2001 2002
Total  -12.019 1.255 0.211 0.183 0.259 0.197 0.091 0.264 0.136 0.138 0.000 
Total Day  -12.518 1.304 0.170 0.119 0.133 0.133 -0.031 0.152 0.05
Total Night  -10.9989 1.2028 0.2801 0.3427 0.5227 0.229 0.3282 0.4324 0.2708
Fatal & Inj -13.917 1.350 0.308 0.294 0.321 -0.141 0.031 0.187 0.082 
Fatal & Inj Day -14.642 1.420 0.226 0.337 0.197 -0.158 -0.143 0.034 
Fatal & Inj Night -12.164 1.241 0.501 0.205 0.521 -0.138 0.387 0.439 
6 0.010 0.000 
 0.414 0.000 
0.112 0.000 
-0.017 -0.016 0.000 
0.306 0.399 0.000 
 
Table 19 Goodness of Fit Statistics for Final Models of Lineal Crashes 
Model Deviance Pearson 
Statistic 
Degrees 
of 
Freedom 
φ Over-
dispersion1 
Total  424.702 468.111 368 2.006 
Total Day  425.830 471.071 368 1.870 
Total Night  397.849 417.352 368 2.184 
Fatal & Inj 396.607 447.400 368 2.886 
Fatal & Inj Day 392.380 453.162 368 3.062 
Fatal & Inj Night 346.329 419.901 368 1.767 
1 – Overdispersion consistent with Hauer (1/dispersion parameter estimated by PROC GENMOD in SAS) 
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Figure 21 Plots of Selected Final Models, Lineal Sections 
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5.8 SUMMARY 
In this chapter, multivariate regression models were calibrated to estimate crash 
frequency for interchanges and lineal section. Exploratory models revealed that 
additional variables beyond the traditional exposure measures of traffic volume and 
length did not substantially improve model fit or form. The simplest model forms were 
then used in a repeated measures approach using 9 years of crash and volume data to 
calibrate models. The volume measures were estimated for each light condition (day and 
night) and six models were developed for each interchanges and lineal section. These 
models, as well as their estimated dispersion parameters are used in the EB analysis 
described in the next chapter. 
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6.0 EVALUATION RESULTS 
The evaluation of the effect of illumination reductions on crash performance is a 
challenging analysis for a number of reasons. First, the amount of illumination modified
at the fully illuminated interchange locations was a partial reduction – lighting was still 
present in the after condition only at a reduced level. In the case of the partial plus to
partial reductions the changes were even more subtle. For the lineal reductions, both total 
reductions and partial reductions were do
 
 
ne.  In addition, only locations with good safety 
ast 
ous 
 
 
rily 
 
• Group B & C - Lineal Full Lighting to No Lineal Lighting & Lineal Full 
Lighting to Partial Lineal Lighting (4 sites) 
• Group D - Partial Plus Lighting to Partial Interchange Lighting (14 sites) 
A separate estimate was made for the following crash severity and lighting categories: 
• TOTAL crashes; 
records and appropriate geometry were selected for changes. Selection bias was present 
since these locations were selected based on their crash history. Finally, changes in safety 
not only may reflect the illumination reductions but also the effect of factors such as 
traffic, weather, vehicle fleet, driver behavior, costs of repairs, inclinations to report 
crashes and other factors that cannot be fully captured by any analysis approach. In this 
chapter the results of the simple before–after analyses and the empirical-bayes (EB) 
approach are presented. The methodology for these methods was described in Chapter 4. 
6.1 SIMPLE BEFORE-AFTER ANALYSIS 
The simple before-after approach is clearly recognized in the literature as being the le
robust safety effectiveness evaluation method and has been shown to give errone
results when compared to the EB methods (Persaud and Lyon, 2006). The simple 
approach assumes that past crash trends (i.e. number of crashes per year) will be 
replicated in the after period. This simplifying assumption can not address changes to
other factors such as volumes, weather, driver trends. The major weakness is that the 
method does not address regression-to-the-mean (RTM) in year-to-year crash counts
(Hauer, 1997). RTM is likely to be present since the interchanges were selected prima
based on their good crash performance. However, even with its limitations the simple 
before-after method is a useful benchmark or starting point. The researchers will also 
interested in comparing the method results to the EB method.  
As discussed previously, each location was categorized broadly based on the lighting 
modifications. These locations were pooled and the aggregate estimates of safety changes
for each group were made. All locations were also pooled for a composite analysis. 
• Group A - Full Interchange Lighting to Partial Interchange Lighting (33 sites) 
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• TOTAL_DAY  crashes; 
• TOTAL_NIGHT crashes; 
• FAT_INJ crashes (including fatal and injury A, B, and C crashes); 
• FAT_INJ_DAY crashes (including fatal and injury A, B, and C crashes); and  
• FAT_INJ_NIGHT crashes (including fatal and injury A, B, and C crashes). 
This resulted in 18 separate simple before-after analyses. The results of the simple 
before-after analysis are summarized in Figure 23 for total crashes and Figure 24 for fatal 
and injury crashes (detailed results are shown in Appendix E).  Recall that the estimate of 
θ is the index of effectiveness.  θ s greater than 1 indicate an increase in crashes. The 
index can also be expressed as a percent change and in keeping with the notation of 
observational before-after studies, the values shown in the figure are “percent reductions” 
in the number of crashes from the before to the after period (100*(1-θ)). An increase in 
crashes is a negative reduction. To facilitate this interpretation visually the y-axis scale is 
displayed in reverse order. The figures show the estimated change and one standard 
deviation of the estimate.  Each crash type is in a panel with the three groups of 
illumination reductions shown for each panel.  
hes should be mirrored in night 
crashes. In essence, if no lighting modifications had been made one might assume that if 
s should also increase by 
4%. The incremental increase in night crashes may be related to the illumination changes. 
One way to test this assumption is to calculate  an odds ratio as the ratio of change in 
night crashes to the ratio of day crashes for each time period (with a correction, see Hauer 
(1997) pp.134).  In this case, the years before the lighting modification were used and day 
crashes assumed to be the comparison group. If day crash trends are a good indicator of 
night crash trends, the sample odds ratio should be close to 1.00. To test this assumption, 
Figure 22 shows the calculated sample odds ratio for the before period for day and night 
crashes. Each line in the figure is a time series of the sample odds ratio for an interchange 
or lineal section. A shown in the figure, there is considerable variation in the odds ratio 
for each interchange or section, however, the average over all sections over all time 
periods is 0.95 (for which an odds ratio can be calculated). It seems reasonable that trends 
in day crashes might be interpreted as relating to expected trends in night crashes.  
Another useful piece of information is that the average increase in total traffic volumes 
for all mainline traffic from the before to after period was 3.64%. However, many 
mainline volumes outside of the Portland metropolitan areas had more substantial growth 
(10 to 15%) and a few interchanges on I-205 (S. Banfield, Lake Road, and Foster & 
Woodstock) actually had a small decrease in volume totals (likely due to adjacent 
construction activity). 
atios, the results in Figure 
3 and Figure 24 can be partially interpreted. For the full interchange lighting to partial 
In other studies, day crashes were used as a “control group” for night crashes. To do this, 
an assumption must be made that trends in day cras
day crashes were observed to increase by 4% and night crashe
Using these additional clues from volume changes and odds-r
2
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lighting modifications there was a 2.6% increase in total day crashes and an 8.1% 
increase in total night crashes. The increase in night crashes is more than the increase in 
ay crashes and a 
crashes have the largest sample with 2,036 
bserved day and 850 night crashes in the after period. For the partial plus to partial 
odifications the analysis found a 21% increase in total day crashes while a exhibiting a 
3.8% decrease in night crashes. This result is admittedly unexpected as significant crash 
 
 
 
l 
re 
day crashes. For fatal and injury crashes, there was a 4.7% increase in d
0.7% decrease in night crashes. The total 
o
m
1
reductions were not anticipated for the modified locations. However, the total number of 
crashes at these 14 interchanges is much smaller than the full-to-partial interchanges with
only 121 day and 40 night crashes in the after period. Also note that this category has the
least precision in the estimate since it has wide standard deviations.  The most significant
increase in night crashes was in the lineal sections. The total day crashes exhibited an 
8.6% decrease but the night crashes had a 30.2% increase. Correspondingly, the day fata
and injury crashes had a 20% decrease and the night crashes had a 44% increase. The
are only 4 sections in this category which includes sections where partial lineal lighting 
was reduced (one direction i.e I-84 NB).  
These results of the simple analysis are only partially interpretable since increases in 
traffic volumes and other influencing factors have not been controlled. The EB method in 
the next section attempts to address these problems.  
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Figure 24 Estimated Percent Reduction in Fatal and Injury Crashes 
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6.2 EMPIRICAL-BAYES ANALYSIS 
To conduct the E ly plan chapter 
was used. The EB ple before-after 
results.  First, the change in traffic volumes is specifically accounted for in the EB 
methodology. The uncertainty of other factors such as weather, vehicle fleet, driver 
. Scatter plots of the 
predicted crash frequency against the exposure volume are shown in Figure 25A-F. The 
pr enerated by fitting the values from the modified interchanges in 
the SPFs. The observed values are the actual crash counts at the modified interchanges. 
 
 
ections are in the observed data.  
The results of the simple before-after analysis are summarized in Figure 27 for total 
ore and 
after analysis are in the Appendix F.  In keeping with the notation of observational 
before-after studies, the values shown in the figure are “percent reductions”
B ana sis, the methodology described in the evaluation 
 approach specifically address two limitations of the sim
behavior, costs of repairs, inclinations to report crashes and other factors are somewhat 
better accounted for, but not eliminated.  Second, the EB method addresses regression-to-
the-mean and the approach significantly improves the estimate of the expected crash 
performance in the after condition by using the SPFs. 
Prior to discussing the results, the application of the final models (developed from the 
reference group) to the modified locations is presented. The final models for both 
interchanges and lineal sections were applied to all analysis years for the modified 
locations for each crash type. Recall that the models were developed for the 6 measures 
of safety using the appropriate exposure volume (total, day, night)
edicted values are the g
From the figure, it is apparent the SPFs generated from the reference groups have 
reasonable fits with the data at the modified locations. The same plots for the lineal 
section models are shown in Figure 26A-F. Note that the crash counts are shown per mile
since the section lengths vary significantly. The fit of the SPFs to the observed crash 
performance is not as good as the interchange models. The models tend to over predict
the total all and day crashes as well as the fatal and injury all crashes. The night crashes 
have better fits as well as the fatal and injury day crashes. However, the models are 
appear to reasonable given that only four s
crashes and Figure 28 for fatal and injury crashes. Detailed results for the EB bef
 in crashes 
from the before to the after period. An increase in crashes is shown as a negative 
er.  
s 
 should expect. The 
 but not as clean as the total crash estimat s. The
reduction. To facilitate visual interpretation the y-axis scale is displayed in reverse ord
The results from the EB analysis are not substantially different than the simple-before 
after approach. However, the primary difference is that the precision of the estimates is 
better and the results can be interpreted directly.  In Figure 27, the estimates show that 
there has not been a change in crash performance at the modified sites for each of the 
three lighting groups for daytime crashes. The pooled estimates are very near a θ of 1.00 
or a percent reduction of 0. If one assumes that no significant changes to the locations 
have been made with exception of traffic volumes one would expect the EB estimate to 
indicate a 0% change. Contrasting with the simple BA analysis, the EB methodology ha
ulled the estimates closer to the “no change” estimate that onep
results for day crashes are similar e   
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Figure 25 SPF Predicted and Observed Crash Counts for Interchanges 
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Figure 2
 
6 SPF Predicted and Observed Crash Counts for Lineal Sections 
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reducti
For tota
increas  
decease  Group D 
(partial  was estimated to have a 35.2% decrease in crashes (24.32% 
decrease to 46.16% decease). Like the simple analysis, this result does not appear to be 
intu iv re, 
46 afte
crashes
section
For fata
decreas
but was 0% 
decreas  
related 
Group e 
to 10.70% increase). This result is significant increase and 3 of the 4 sections had an 
incr as
wid  ra
An imp
individ
append
increas
To ana
useful t
is show
crashes (δ(j) in Appendix) is 
added to the previous total. The delta is e estimated after crash 
co nd  of the cumulative line entering from the left 
of the interchange is negative there was a decrease in crashes at that interchange and if it 
e 
on in fatal and injury day crashes was estimated and is shown in Figure 28.  
l night crashes, the Group A (full to partial) was estimated to have a 3.5% 
e in crashes with a range of one standard deviation from 8.12% increase to 1.19%
. The increase was slight and the estimate does include 0 (no change).
 plus to partial)
it e and is likely related to the small sample size and number of crashes (68 befo
r for all sites. Group B/C (lineal) was estimated to have a 28.95% increase in 
 (47.07% increase to 10.83% increase). This result is significant increase and all 4 
s showed an increase in crashes.  
l and injury crashes, the Group A (full to partial) was estimated to have an 11.4% 
e in crashes (5.39% decrease to 17.38% decease). The decrease was significant 
 not expected. Group D (partial plus to partial) was also estimated to have a 4
e in crashes (25.9% decrease to 54.7% decease). This result is not intuitive but is
to the small sample size and number of crashes (37 before, 22 after for all sites. 
B/C (lineal) was estimated to have a 39.21% increase in crashes (67.72% increas
e e in crashes. The precision of the estimates is much less than others with a very 
e nge. 
ortant consideration is not only the pooled estimates, but the performance of 
ual locations. In the detailed estimates for each location presented in the 
ices not all location exhibited increases. In the methodology, large predicted 
es in frequencies have more weight in the final estimate than percentage changes. 
lyze which interchange has the most weight on the final pooled estimate it is 
o create a cumulative plot of estimated excess or reduced crashes - δ(j). This plot 
n in Figure 29 for each interchange in the full to partial group for total night 
.  Starting from the left each estimated change in crashes 
difference between th
unts a  before crash counts. If the slope
was positive there was an increase in crashes. The vertical change is the magnitude of the 
estimated change. For example, at the South Banfield interchange (middle of figure) the 
slope of the line entering is positive and the vertical height from Stark-Washington to S 
Banfield is 27 crashes. For Group A, an additional 27 crashed were estimated for th
pooled estimate. 
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Figure 27 Estimated Percent Reduction in Total Crashes 
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Figure 28 Estimated Percent Reduction in Fatal and Injury Crashes 
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Figure 29 Cumulative Plots of Excess Total Night Crashes, Group A 
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Figure 30 Cumulative Plots of Excess Fatal and Injury Night Crashes, Group A 
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The cumulative plot shows that the majority of the significant crash increases are on the 
I-205 corridor although there are minor increases at other interchanges (as well as 
decreases). These interchanges have t ooled θ estimate of a 3.5% 
increase since it is more heavi u bers of excess crashes 
rather than percentage increases. In the full to partial group, 2 interchanges (22 - Foster 
and Woodstock and 26 - S. Banfield) had the highest increase in crashes (14 and 27 
tal 
There i
nges 
For fata  for the modified full to partial 
number of excess crashes were 26 - S. Banfield and 42 Kuebler Blvd (-8.2 and -7.1). The 
ase 
in crash
6.3 CUSSION 
The fol s for the simple 
he negative values highlighted in red (italics) are 
Table 20
he most weight on the p
ly infl enced by sites with large num
respectively). With these locations are removed from the pooled calculation the to
estimate is a 0% change in crashes although the confidence estimate does include zero. 
s nothing unusual about these sections that indicate that they be removed from the 
pooled analysis, however, the above discussion highlights that these two intercha
were influential in the EB-adjusted analysis. 
l and injury crashes, the cumulative plot
interchanges is shown in Figure 30. In the plot, the locations that exhibited the largest 
graph shows that over the total interchanges, the EB estimates indicate a change decre
es with the end result of a total decrease of 44 crashes. 
SUMMARY AND DIS
lowing table summarizes the results for the night crash measure
before-after and the EB methods. T
increases.  
 Estimates of Safety Change for Night Crashes 
Simple  EB  Crash Type Group 
Percent Standard Percent Standard 
Reduction Deviation Reduction Devi
Total Night A Full to Partial -12.32 5.28 -3.47 
ation 
Crashes 
4.65 
 B/C Lineal Full to All 
or Some Off 
-30.18 18.78 -28.95 18.2
D Partial Plus to 
Partial 
16.67 15.68 35.24 10.92 
 Injury A Full to Partial 
1 
 
Fatal and -2.16 7.38 11.38 5.99 
 Lineal Full to All -44.38 30.69 -39.21 28.51 
14.09 
Night Crashes 
B/C 
or Some Off 
 D Partial Plus to 27.63 18.97 39.98 
Partial 
 
In summary, the results of the safety evaluation reveal the following:  
A 3.5% increase in the total night crashes for the pooled results of Group A (EB 
method), the full illumination to partial illumination modificati
• 
e 
contributing interchanges are removed. The EB analysis found an 11.4% decrease 
in fatal and injury night crashes in the Group A interchanges. It is difficult to 
ons. However, th
estimate of the pooled results includes zero (no change) and inspection of the 
individual locations reveals that not all locations had significant increases. Further 
analysis reveals that there is no estimated increase in crashes when 2 key 
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attribute this estimate to an increase in safety from lighting reductions bu
highlights the challenges in estimating the safety changes for these subtle change
in lig
t rather 
s 
hting. Weighing all evidence and the weakness of the any crash-based 
 
tial 
• 
es were found for Group D, the partial plus to partial reductions. While these 
more 
cult to interpret and not expected. One 
effect of the 
y in lower volume locations the actual number of crashes 
ions the results for this group should be interpreted with 
• 
 C, 
ar 
ll but one crash type on one section. 
al 
analysis to capture slight changes made to illumination, it appears that the safety
performance from reducing illumination from full interchange lighting to par
has resulted in a decrease in safety performance.  
Significant decreases in crashes were found for total or fatal and injury night 
crash
decreases were revealed in the simple analysis they were still present in the 
robust EB analysis. The results are diffi
should be cautioned against interpreting these changes as the safety 
reducing illumination; rather since these interchanges had the smallest sample size 
and were generall
changes was small. This analysis found no decrease in safety performance at 
locations where illumination was reduced from partial plus to partial. However, 
given the above limitat
caution. 
The most robust and significant finding of the analysis is that there was a rather 
significant increase in total and fatal and injury night crashes for Group B &
reductions to the lineal illumination. The analysis found a 29% increase in total 
crashes and a 39% increase in fatal and injury crashes.  An additional 20 total 
night crashes and an additional 12 fatal and injury crashes were estimated. Simil
to Group D, this group did not have a large sample size (only 4 sections) and the 
confidence intervals are wide on the estimates. However, unlike other groups the 
individual estimates revealed increases for a
Weighing all evidence, it is clear that the lighting modifications on the line
sections have resulted in a safety performance decrease. 
 
   
7.0 LIFE CYCLE COST ANALYSIS 
The purpose of this chapter is to present a method that could be used to determine if the 
energy saved over some time period by reducing illumination at an interchange or lineal 
section exceeds the cost to physical remove the illumination poles. The evaluation should 
also consider maintenance issues and practices when considering removal. The method 
assumes that all unused poles are either removed or behind existing protective roadside 
hardware. This life-cycle cost analysis assumes that illumination only remains off at 
locations with no change in safety performance, hence, additional crash costs are not 
considered. The following sections describe the two inputs to this analysis (energy cost 
and removal cost) as well as a recommended economic analysis. 
7.1 ENERGY  
For each interchange the analyst will need to gather data on each illumination pole 
including type, placement and rated kilowatt of each lamp. To estimate the power cost 
saved by removing or leaving the illumination off, the number of hours of operation for 
each lamp will be needed. These values may be different if the illumination are on timers 
or photo sensors. In previous ODOT analyses, the average annual monthly hours was 
assumed to be 351 hours. Finally, the estimated or known electrical cost for the location 
per kilowatt-hour must be obtained. Previous analysis used $0.06 per KW-hr. The value 
of the annual energy saved (AES) is then: 
 
AES = (# lamps)(# hours)(12 months/year)(KW rating of lamps)($/KW-hr) (43) 
7.2 REMOVAL COST 
For each illumination pole, the analyst would need to decide if the poles protected by 
guard rails, barrier, or significantly outside the clear zone would need to be removed. For 
those that need to be removed the analyst should estimate in present dollars, the removal 
cost including labor, disposal, traffic control, mobilization per interchange. Maintenance 
also reports that public calls on extinguished lights require a field visit to confirm which 
lighting is out (an additional cost to consider). In some cases, the salvage value of the 
poles may be considered as reduction in the removal cost. These estimates would need to 
be on interchange-by-interchange basis. Finally, there is some potential that some 
additional work would be needed to repair the original circuitry. The region electrician 
should be consulted. The present worth is then calculated as:  
 
PWCOST = Sum of removal costs        (44) 
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7.3 ECONOMIC COMPARISON 
For each interchange  the expected life 
(n) can be compared oval 
of the poles would be economically justified. If not, then further consideration should be 
given. This analysis assumes that energy costs would not nominally change. If the 
expectation is that energy costs would rise more than inflation for labor and materials to 
remove the poles, the analyst may want to consider alternative energy rates. 
 
To complete the analysis, a discount rate must be chosen. The Government Accounting 
Office (GAO) or ODOT finance may have guidance on which discount rate to use ( for a 
10 year analysis, 5  percent nominal discount rate is recommend 
http://www.whitehouse.gov/omb/circulars/a094/a94_appx-c.html).  The present worth of 
the annual energy saved would be: 
 
, the present worth (PW) of the energy saved over
 to the removal cost. If the net present worth is positive, then rem
n
n
BENEFIT ii
iAESPW
)1(
1)1(* +
−+=        (45) 
 
where i is the discount rate and n is the expected life. If the PWBENEFIT  is greater than the 
PWCOST  then the removal of the poles could be considered justified. The analyst may 
want to experiment with various discount rates and assumed remaining life of the poles to 
get an idea of the sensitivity of the results. 
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8.0 CONCLUSIONS 
In 2001, Oregon’s governor responded to a perceived future energy shortage in the 
Pacific Northwest by directing all state agencies to reduce power consumption by 10 
percent.  After review of power saving opportunities, the Oregon Department of 
Transportation (ODOT) elected to include selective illumination reductions on Oregon 
interstate highways as part of their energy-saving strategy. The illumination reduction 
occurred at interchanges and lineal highway sections between October 2001 and April 
2002. Reductions were made at fully illuminated interchanges, partially illuminated 
interchanges, and mainline illumination. While the reductions occurred statewide there 
was a heavy focus in the Portland metropolitan area freeways (I-5, I-205, I-84, US-26).  
A total of 47 interchanges and four lineal sections totaling 6.03 miles of interstate 
highways were modified.   
This observational before-after study used two methods to evaluate the change in safety 
(measured by crash frequency) at the locations where the illumination was modified: 1) 
the simple before and after, and  2) empirical-bayes approach. This study used crash, 
geometry, weather and volume data from the years 1996 to 2005. This research was not 
designed to study the safety effects alternative lighting configurations at each 
interchange. Changes in illumination were broadly classified and no before or after field 
measurements were taken of actual luminance values, lighting coverage, or other design 
specific values. Interpretations beyond the intent of this research design should not be 
done (i.e. does a partial lighting design perform better than full lighting design). 
The evaluation of the effect of illumination reductions on crash performance was a 
challenging analysis for a number of reasons. First, the amount of illumination modified 
at interchange locations was a partial reduction – lighting was still present in the after 
condition only at a reduced level. For the lineal reductions, both total reductions and 
partial reductions were done.  In addition, selection bias was present since only locations 
with good safety records and appropriate geometry were selected for changes. Finally, 
changes in safety not only may reflect the illumination reductions but also the effect of 
factors such as traffic, weather, vehicle fleet, driver behavior, costs of repairs, 
inclinations to report crashes and other factors that cannot be fully captured by any 
analysis approach. 
Nevertheless, the results of the safety evaluation, as previously discussed in Section 6.3, 
reveal the following:  
• A 3.5% increase in the total night crashes for the pooled results of Group A (EB 
method), the full illumination to partial illumination modifications. However, the 
estimate of the pooled results includes zero (no change) and inspection of the 
individual locations reveals that not all locations had significant increases. Further 
analysis reveals that there is no estimated increase in crashes when 2 key 
contributing interchanges are removed. The EB analysis found an 11.4% decrease 
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in fatal and injury night crashes in the Group A interchanges. It is difficult to 
attribute this estimate to an increase in safety from lighting reductions but rather 
changes, it appears that the safety performance from reducing illumination from 
ng partial h resulted in a decrease in safety 
performance.  
 Significant decreases in crashes were found for total or fatal and injury night 
crashes were found for Group D, the partial plus to partial reductions. While these 
ses wer  simple ere still present in the more 
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est r b tal ue d tal jury r d 
square). The fi lso  th ar ion estim
At only eight locations (W
Santiam, Mark t Stre , Barnett and Central Point) th point estimate θ as well as the 
standard deviation are below 1.0. The locations could be said to have not experienced a 
de af ty. If illumination was to remain off, these locations would be candidates. 
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APPENDIX B: FINAL INTERCHANGE MODEL DETAILS 
INTERCHANGE MODELS           
Analysis Of GEE Parameter Estimates 
  Empirical Standard Error Estimates 
        
Parameter Estimate 
Standard 
Error 95% Confidence Z Pr > |Z| 
TOTAL        
Intercept  -12.8612 1.3956
-
15.5965 -10.126 -9.22 <.0001 
LOGVOL  1.3554 0.1238 1.1128 1.5979 10.95 <.0001 
YEAR2 1996 0.0516 0.1102 -0.1644 0.2676 0.47 0.6395 
YEAR2 1997 -0.0921 0.0918 -0.272 0.0879 -1 0.3162 
YEAR2 1998 -0.0076 0.1053 -0.2141 0.1988 -0.07 0.9423 
YEAR2 1999 0.1224 0.1066 -0.0865 0.3313 1.15 0.2507 
YEAR2 2000 -0.0035 0.1104 -0.2199 0.213 -0.03 0.975 
YEAR2 2001 -0.1331 0.1058 -0.3404 0.0742 -1.26 0.2082 
YEAR2 2002 0.1489 0.0793 -0.0066 0.3044 1.88 0.0606 
YEAR2 2003 0.1303 0.0807 -0.0279 0.2885 1.61 0.1064 
YEAR2 2004 0 0 0 0 . . 
        
        
TOTAL_DAY       
Intercept  -13.5335 1.3869
-
16.2518
-
10.8152 -9.76 <.0001 
LOGVOL_D 1.4186 0.1263 1.1711 1.6661 11.23 <.0001 
YEAR2 1996 0.1029 0.114 -0.1205 0.3263 0.9 0.3667 
YEAR2 1997 -0.0893 0.0948 -0.2751 0.0965 -0.94 0.3464 
YEAR2 1998 0.0283 0.0998 -0.1673 0.2239 0.28 0.7766 
YEAR2 1999 0.1146 0.1099 -0.1007 0.33 1.04 0.2967 
YEAR2 2000 0.007 0.1191 -0.2264 0.2403 0.06 0.9534 
YEAR2 2001 -0.176 0.1253 -0.4215 0.0695 -1.41 0.16 
YEAR2 2002 0.1639 0.0869 -0.0065 0.3343 1.89 0.0594 
YEAR2 2003 0.1058 0.0862 -0.0631 0.2748 1.23 0.2196 
YEAR2 2004 0 0 0 0 . . 
        
        
TOTAL NIGHT       
Intercept  -11.0397 1.1174
-
13.2298 -8.8496 -9.88 <.0001 
LOGVOL_N 1.2472 0.112 1.0277 1.4667 11.14 <.0001 
YEAR2 1996 -0.1111 0.1262 -0.3586 0.1363 -0.88 0.3786 
YEAR2 1997 -0.0655 0.1097 -0.2806 0.1496 -0.6 0.5505 
YEAR2 1998 -0.1912 0.1426 -0.4706 0.0882 -1.34 0.1799 
YEAR2 1999 0.0567 0.1274 -0.193 0.3065 0.45 0.6561 
YEAR2 2000 -0.0934 0.1099 -0.3088 0.122 -0.85 0.3954 
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YEAR2 2001 -0.1548 0.1365 -0.4224 0.1128 -1.13 0.2568 
YEAR2 2002 0.0634 0.1128 -0.1577 0.2846 0.56 0.5738 
YEAR2 2003 0.1762 0.1239 -0.0665 0.419 1.42 0.1548 
YEAR2 2004 0 0 0 0 . . 
        
        
FAT_INJ        
Intercept  -14.7729 1.5817
-
17.8729
-
11.6729 -9.34 <.0001 
LOGVOL  1.4529 0.1364 1.1855 1.7202 10.65 <.0001 
YEAR2 1996 0.0185 0.1376 -0.2512 0.2881 0.13 0.8931 
YEAR2 1997 -0.0694 0.1503 -0.364 0.2252 -0.46 0.6443 
YEAR2 1998 -0.1965 0.1439 -0.4785 0.0856 -1.37 0.1722 
YEAR2 1999 -0.0615 0.1363 -0.3286 0.2055 -0.45 0.6515 
YEAR2 2000 -0.2068 0.1379 -0.477 0.0634 -1.5 0.1335 
YEAR2 2001 -0.1761 0.1588 -0.4873 0.1351 -1.11 0.2674 
YEAR2 2002 0.0526 0.1176 -0.1779 0.283 0.45 0.6548 
YEAR2 2003 0.1128 0.113 -0.1087 0.3342 1 0.3182 
YEAR2 2004 0 0 0 0 . . 
        
        
FAT_INJ_DAY       
Intercept  -14.8828 1.7088
-
18.2319
-
11.5337 -8.71 <.0001 
LOGVOL_D 1.4678 0.1502 1.1735 1.7621 9.78 <.0001 
YEAR2 1996 0.0409 0.1459 -0.2451 0.3268 0.28 0.7794 
Y 5 -0.3957 0.2061 -0.62 0.5368 
YEAR2 1998 -0.1805 0.1425 -0.4597 0.0988 -1.27 0.2053 
YEAR2 1999 -0.0797 0.1398 -0.3537 0.1942 -0.57 0.5684 
YEAR2 2000 -0.1566 0.1628 -0.4756 0.1625 -0.96 0.3362 
YEAR2 2001 -0.2264 0.1699 -0.5594 0.1067 -1.33 0.1828 
YEAR2 2002 0.066 0.1266 -0.1822 0.3142 0.52 0.6023 
YEAR2 2003 0.1314 0.1232 -0.1101 0.3729 1.07 0.2862 
YEAR2 2004 0 0 0 0 . . 
        
        
FAT_INJ_NIGHT       
Intercept  -12.7186 1.1248
-
14.9232
-
10.5139 -11.31 <.0001 
LOGVOL_N 1.3364 0.1105 1.1198 1.553 12.09 <.0001 
YEAR2 1996 -0.0986 0.1616 -0.4153 0.2181 -0.61 0.5416 
YEAR2 1997 0.0937 0.1962 -0.2909 0.4783 0.48 0.633 
YEAR2 1998 -0.2954 0.2167 -0.7202 0.1293 -1.36 0.1728 
YEAR2 1999 -0.0581 0.1815 -0.4138 0.2977 -0.32 0.749 
YEAR2 2000 -0.3413 0.1604 -0.6557 -0.027 -2.13 0.0333 
YEAR2 2001 -0.1384 0.2161 -0.562 0.2852 -0.64 0.5219 
YEAR2 2002 0.0007 0.1709 -0.3343 0.3357 0 0.9967 
YEAR2 2003 0.1029 0.1817 -0.2531 0.459 0.57 0.571 
YEAR2 2004 0 0 0 0 . . 
 
EAR2 1997 -0.0948 0.153
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APPENDIX C: FINAL SECTION MODEL DETAILS 
LINEAL SECTION MODELS (WITH LENGTH OFFSET)     
Analysis Of GEE Parameter Estimates 
  Empirical Standard Error Estimates 
        
Parameter Estimate 
Standard 
Error 95% Confidence Z Pr > |Z| 
TOTAL        
Intercept  -12.0189 1.2341 -14.4377 -9.6001 -9.74 <.0001 
LOGVOL  1.2545 0.1152 1.0287 1.4803 10.89 <.0001 
YEAR2 1996 0.211 0.1363 -0.0562 0.4782 1.55 0.1217 
YEAR2 1997 0.1832 0.0987 -0.0103 0.3767 1.86 0.0635 
YEAR2 1998 0.2592 0.1463 -0.0276 0.546 1.77 0.0765 
YEAR2 1999 0.197 0.121 -0.0401 0.4342 1.63 0.1034 
YEAR2 2000 0.091 0.1469 -0.1969 0.3789 0.62 0.5355 
YEAR2 2001 0.2642 0.1339 0.0018 0.5266 1.97 0.0485 
YEAR2 2002 0.1356 0.1247 -0.1087 0.38 1.09 0.2767 
YEAR2 2003 0.1375 0.0949 -0.0485 0.3235 1.45 0.1474 
YEAR2 2004 0 0 0 0 . . 
        
        
TOTAL_DAY       
Intercept  -12.518 1.306 -15.0777 -9.9582 -9.58 <.0001 
LOGVOL_D 1.3036 0.1251 1.0584 1.5487 10.42 <.0001 
YEAR2 1996 0.1695 0.1416 -0.1081 0.4472 1.2 0.2313 
YEAR2 1997 0.1187 0.1133 -0.1035 0.3408 1.05 0.2951 
YEAR2 1998 0.1333 0.1542 -0.1688 0.4355 0.86 0.3871 
YEAR2 1999 0.133 0.135 -0.1316 0.3977 0.99 0.3245 
YEAR2 2000 -0.0305 0.1389 -0.3028 0.2418 -0.22 0.8264 
YEAR2 2001 0.152 0.1448 -0.1319 0.4358 1.05 0.2941 
YEAR2 2002 0.0558 0.1354 -0.2096 0.3211 0.41 0.6804 
YEAR2 2003 0.0095 0.1234 -0.2325 0.2514 0.08 0.9387 
YEAR2 2004 0 0 0 0 . . 
        
        
TOTAL NIGHT       
Intercept  -10.9989 0.9298 -12.8212 -9.1766 -11.83 <.0001 
LOGVOL_N 1.2028 0.0983 1.0102 1.3954 12.24 <.0001 
YEAR2 1996 0.2801 0.2413 -0.1929 0.753 1.16 0.2458 
YEAR2 1997 0.3427 0.1789 -0.008 0.6935 1.92 0.0555 
YEAR2 1998 0.5227 0.2126 0.1061 0.9393 2.46 0.0139 
YEAR2 1999 0.229 0.187 -0.1376 0.5955 1.22 0.2208 
YEAR2 2000 0.3282 0.2317 -0.1259 0.7824 1.42 0.1566 
YEAR2 2001 0.4324 0.2052 0.0303 0.8345 2.11 0.0351 
YEAR2 2002 0.2708 0.1672 -0.057 0.5986 1.62 0.1055 
YEAR2 2003 0.414 0.1527 0.1147 0.7133 2.71 0.0067 
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YEAR2 2004 0 0 0 0 . . 
        
        
FAT_INJ        
Intercept  -13.9166 1.061 -15.9962 -11.837 -13.12 <.0001 
LOGVOL  1.3502 0.099 1.1561 1.5442 13.64 <.0001 
YEAR2 1996 0.3081 0.1696 -0.0243 0.6404 1.82 0.0693 
YEAR2 1997 0.2943 0.1285 0.0423 0.5462 2.29 0.0221 
YEAR2 1998 0.3211 0.1801 -0.032 0.6741 1.78 0.0747 
YEAR2 1999 -0.1409 0.1596 -0.4537 0.1719 -0.88 0.3772 
YEAR2 2000 0.0308 0.1416 -0.2468 0.3084 0.22 0.828 
YEAR2 2001 0.1869 0.1373 -0.0822 0.456 1.36 0.1734 
YEAR2 2002 0.0821 0.1347 -0.182 0.3462 0.61 0.5422 
YEAR2 2003 0.1115 0.1594 -0.201 0.4239 0.7 0.4844 
YEAR2 2004 0 0 0 0 . . 
        
        
FAT_INJ_DAY       
Intercept  -14.6421 1.0762 -16.7513 -12.5328 -13.61 <.0001 
LOGVOL_D 1.4197 0.1022 1.2195 1.62 13.9 <.0001 
YEAR2 1996 0.2255 0.172 -0.1117 0.5626 1.31 0.19 
YEAR2 1997 0.3373 0.147 0.0491 0.6254 2.29 0.0218 
YEAR2 1998 0.1973 0.1908 -0.1767 0.5712 1.03 0.3012 
YEAR2 1999 -0.1579 0.1883 -0.5269 0.2112 -0.84 0.4018 
YEAR2 2000 -0.1432 0.1498 -0.4369 0.1505 -0.96 0.3393 
YEAR2 2001 0.0341 0.1441 -0.2482 0.3164 0.24 0.8129 
YEAR2 2002 -0.0165 0.1594 -0.3289 0.2959 -0.1 0.9175 
YEAR2 2003 -0.0157 0.1962 -0.4002 0.3688 -0.08 0.9361 
YEAR2 2004 0 0 0 0 . . 
        
        
FAT_INJ_NIGHT       
Intercept  -12.1636 1.0447 -14.2111 -10.1161 -11.64 <.0001 
LOGVOL_N 1.2409 0.1111 1.0231 1.4587 11.17 <.0001 
YEAR2 1996 0.5008 0.3589 -0.2027 1.2043 1.4 0.1629 
YEAR2 1997 0.2048 0.2357 -0.2573 0.6668 0.87 0.385 
YEAR2 1998 0.5208 0.3313 -0.1285 1.1701 1.57 0.1159 
YEAR2 1999 -0.1384 0.25 -0.6284 0.3516 -0.55 0.5798 
YEAR2 2000 0.3874 0.2645 -0.131 0.9057 1.46 0.143 
YEAR2 2001 0.4391 0.2898 -0.129 1.0071 1.51 0.1298 
YEAR2 2002 0.3058 0.2295 -0.144 0.7555 1.33 0.1827 
YEAR2 2003 0.3987 0.2661 -0.1229 0.9204 1.5 0.1341 
YEAR2 2004 0 0 0 0 . . 
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APPENDIX D: R AND SAS CODE 
Note that data files refgroup.csv and refgroup_lineal.csv are available for download at 
the project web page http://www.its.pdx.edu/illumination.php 
Exploratory Interchange Models, R v 2.2.1 Code 
#######################################################################
# MONSERE, CHRIS 
# code for R v2.2.1 
# 
####################################################################### 
#add library for nb glim regression 
library(MASS) 
 
#read in data file 
AYA <- read.table("S:/Active_Projects/05-02 
Illumination/_Analysis/refgroup.csv", header=TRUE, sep=",", 
na.strings="", dec=".", strip.white=TRUE) 
 
 
#add rate field 
AYA$RATE <- with(AYA, (TOTAL*100000000) / (LNGTH*ALL_VOL*365)) 
#add day/night volume 
AYA$DAY_ALL_VOL_LN <- with(AYA, ALL_VOL_LN*(1-VOL_PER)) 
AYA$DAY_ALL_VOL <- with(AYA, ALL_VOL*(1-VOL_PER)) 
AYA$NGT_ALL_VOL_LN <- with(AYA, ALL_VOL_LN*VOL_PER) 
AYA$NGT_ALL_VOL <- with(AYA, ALL_VOL*VOL_PER) 
 
#add log total and estimate day/night volumes 
AYA$LOGALL_VOL_LN <- with(AYA, log(ALL_VOL_LN)) 
AYA$LOGALL_VOL <- with(AYA, log(ALL_VOL)) 
AYA$LOGDAY_ALL_VOL_LN <- with(AYA, log(DAY_ALL_VOL_LN)) 
AYA$LOGDAY_ALL_VOL <- with(AYA, log(DAY_ALL_VOL)) 
AYA$LOGNGT_ALL_VOL_LN <- with(AYA, log(NGT_ALL_VOL_LN)) 
AYA$LOGNGT_ALL_VOL <- with(AYA, log(NGT_ALL_VOL)) 
 
#subset crash data to before only 
AY <- subset(AYA, YEAR=="-1") 
 
#select volume for model, comment out (#) volume not used 
#all 
#VOLUME <- AY$LOGALL_VOL 
#VOLUMEPLOT <- AY$ALL_VOL 
#plotxlabel <- "Total Interchange Volume" 
 
#day 
#VOLUME <- AY$LOGDAY_ALL_VOL 
#plotxlabel <- "Total Day Interchange Volume" 
#VOLUMEPLOT <- AY$DAY_ALL_VOL 
 
#night 
VOLUME <- AY$LOGNGT_ALL_VOL 
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plotxlabel <- "Total Night Interchange Volume" 
VOLUMEPLOT <- AY$NGT_ALL_VOL 
 
#select crash for model, comment out (#) crash not used 
#CRASH <-  AY$TOTAL 
#plotylabel <- "Total Crashes" 
 
#CRASH <-  AY$TOTAL_DAY 
#plotylabel <- "Total Day Crashes" 
 
CRASH <-  AY$TOTAL_NIGHT 
plotylabel <- "Total Night Crashes" 
 
#CRASH <-  AY$FAT_INJ 
#plotylabel <- "Fat&Inj Crashes" 
 
#CRASH <-  AY$FAT_INJ_DAY 
#plotylabel <- "Fat&Inj Day Crashes" 
 
#CRASH <-  AY$FAT_INJ_NIGHT 
#plotylabel <- "Fat&Inj Night Crashes" 
 
model1label <- "MDL1=VOLUME" 
model2label <- "MDL2=VOLUME+DAYS_RAIN" 
model3label <- "MDL3=VOLUME+DAYS_RAIN+INT_TYPE" 
model4label <- "MDL4=VOLUME+DAYS_RAIN+INT_TYPE+LIGHTING" 
model5label <- "MDL5=VOLUME+INT_TYPE" 
model6label <- "MDL6=VOLUME+LIGHTING" 
model7label <- "MDL7=VOLUME+DAYS_RAIN+LIGHTING" 
model8label <- "MDL8=VOLUME+INT_TYPE+LIGHTING" 
 
#models 
model1=glm.nb(CRASH ~ VOLUME, control=glm.control(maxit=1000)) 
model2=glm.nb(CRASH ~ VOLUME + AY$DAYS_RAIN, 
control=glm.control(maxit=1000)) 
model3=glm.nb(CRASH ~ VOLUME + AY$DAYS_RAIN + AY$INT_TYPE, 
control=glm.control(maxit=1000)) 
model4=glm.nb(CRASH ~ VOLUME + AY$DAYS_RAIN + AY$INT_TYPE + 
AY$LIGHTING, control=glm.control(maxit=1000)) 
model5=glm.nb(CRASH ~ VOLUME + AY$INT_TYPE, 
control=glm.control(maxit=1000)) 
model6=glm.nb(CRASH ~ VOLUME + AY$LIGHTING, 
control=glm.control(maxit=1000)) 
model7=glm.nb(CRASH ~ VOLUME + AY$DAYS_RAIN + AY$LIGHTING, 
control=glm.control(maxit=1000)) 
model8=glm.nb(CRASH ~ VOLUME + AY$INT_TYPE + AY$LIGHTING, 
control=glm.control(maxit=1000)) 
 
 
#PLOTS ############################################################### 
#model diagnostic plots 
par(mfrow = c(2, 2)) #set graph parameter 
plot(model1) 
plot(model2) 
plot(model3) 
plot(model4) 
plot(model5) 
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plot(model6) 
plot(model7) 
plot(model8) 
 
#two-dimensional model plots 
par(mfrow = c(4, 2)) #set graph parameter 
 
maxlim <- max(max(fitted(model1)),max(CRASH)) 
plot(fitted(model1)~CRASH, main =paste(model1label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model1label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="red") 
 
maxlim <- max(max(fitted(model2)),max(CRASH)) 
plot(fitted(model2)~CRASH, main =paste(model2label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model2label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="blue") 
 
maxlim <- max(max(fitted(model3)),max(CRASH)) 
plot(fitted(model3)~CRASH, main =paste(model3label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model3label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="green") 
  
maxlim <- max(max(fitted(model4)),max(CRASH)) 
plot(fitted(model4)~CRASH, main =paste(model4label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model4label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="orange") 
 
maxlim <- max(max(fitted(model5)),max(CRASH)) 
plot(fitted(model5)~CRASH, main =paste(model5label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model5label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="purple") 
 
maxlim <- max(max(fitted(model6)),max(CRASH)) 
plot(fitted(model6)~CRASH, main =paste(model6label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model6label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="pink") 
 
maxlim <- max(max(fitted(model7)),max(CRASH)) 
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plot(fitted(model7)~CRASH, main =paste(model7label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model7label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="violet") 
 
maxlim <- max(max(fitted(model8)),max(CRASH)) 
plot(fitted(model8)~CRASH, main =paste(model8label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model8label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="gray") 
 
#PSUEDO R2 ########################################################### 
#(from Washington et. al pg 244) 
 
numerator <- sum(((CRASH - fitted(model1))/fitted(model1)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp1 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model2))/fitted(model2)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp2 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model3))/fitted(model3)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp3 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model4))/fitted(model4)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp4 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model5))/fitted(model5)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp5 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model6))/fitted(model6)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp6 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model7))/fitted(model7)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp7 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model8))/fitted(model8)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp8 <- 1 - numerator/denominator 
 
 
#SUMMARY MODEL DIAGNOSTICS ########################################### 
 
summary(model1) 
summary(model2) 
summary(model3) 
summary(model4) 
summary(model5) 
summary(model6) 
summary(model7) 
summary(model8) 
 
 
#COMPACT SUMMARY MODEL DIAGNOSTICS ################################### 
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rp1 
rp2 
rp3 
rp4 
rp5 
rp6 
rp7 
rp8 
 
AIC(model1) 
AIC(model2) 
AIC(model3) 
AIC(model4) 
AIC(model5) 
AIC(model6) 
AIC(model7) 
AIC(model8) 
 
coef(model1) 
coef(model2) 
coef(model3) 
coef(model4) 
coef(model5) 
coef(model6) 
coef(model7) 
coef(model8) 
 
theta.ml(model1, limit=1000) 
theta.ml(model2, limit=1000) 
theta.ml(model3, limit=1000) 
theta.ml(model4, limit=1000) 
theta.ml(model5, limit=1000) 
theta.ml(model6, limit=1000) 
theta.ml(model7, limit=1000) 
theta.ml(model8, limit=1000) 
 
Exploratory Lineal Models, R v 2.2.1 Code 
#######################################################################
# MONSERE, CHRIS 
# code for R v2.2.1 
# 
####################################################################### 
#add library for nb glim regression 
library(MASS) 
 
#read in data file 
AYA <- read.table("S:/Active_Projects/05-02 
Illumination/_Analysis/refgroup_lineal.csv", header=TRUE, sep=",", 
na.strings="", dec=".", strip.white=TRUE) 
 
#add day/night volume 
AYA$DAY_ALL_VOL_LN <- with(AYA, (VOLUME/LANES)*(1-VOL_PER)) 
AYA$DAY_ALL_VOL <- with(AYA, VOLUME*(1-VOL_PER)) 
AYA$NGT_ALL_VOL_LN <- with(AYA, (VOLUME/LANES)*VOL_PER) 
AYA$NGT_ALL_VOL <- with(AYA, VOLUME*VOL_PER) 
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#add log total and estimate day/night volumes 
AYA$LOGALL_VOL_LN <- with(AYA, log(VOLUME/LANES)) 
AYA$LOGALL_VOL <- with(AYA, log(VOLUME)) 
AYA$LOGDAY_ALL_VOL_LN <- with(AYA, log(DAY_ALL_VOL_LN)) 
AYA$LOGDAY_ALL_VOL <- with(AYA, log(DAY_ALL_VOL)) 
AYA$LOGNGT_ALL_VOL_LN <- with(AYA, log(NGT_ALL_VOL_LN)) 
AYA$LOGNGT_ALL_VOL <- with(AYA, log(NGT_ALL_VOL)) 
 
#add log offsets 
AYA$LOG_LANES <- with(AYA, log(LANES)) 
AYA$LOG_LNGTH <- with(AYA, log(LNGTH)) 
 
#subset crash data to before only 
AY <- subset(AYA, YEAR=="-1") 
 
#select volume for model, comment out (#) volume not used 
#all 
#VOLUME <- AY$LOGALL_VOL 
#VOLUMEPLOT <- AY$VOLUME 
#plotxlabel <- "Total Volume" 
 
#day 
#VOLUME <- AY$LOGDAY_ALL_VOL 
#plotxlabel <- "Total Day Volume" 
#VOLUMEPLOT <- AY$DAY_ALL_VOL 
 
#night 
VOLUME <- AY$LOGNGT_ALL_VOL 
plotxlabel <- "Total Night Volume" 
VOLUMEPLOT <- AY$NGT_ALL_VOL 
 
#select crash for model, comment out (#) crash not used 
#CRASH <-  AY$TOTAL 
#plotylabel <- "Total Crashes" 
 
#CRASH <-  AY$TOTAL_DAY 
#plotylabel <- "Total Day Crashes" 
 
CRASH <-  AY$TOTAL_NIGHT 
plotylabel <- "Total Night Crashes" 
 
#CRASH <-  AY$FAT_INJ 
#plotylabel <- "Fat&Inj Crashes" 
 
#CRASH <-  AY$FAT_INJ_DAY 
#plotylabel <- "Fat&Inj Day Crashes" 
 
#CRASH <-  AY$FAT_INJ_NIGHT 
#plotylabel <- "Fat&Inj Night Crashes" 
 
model1label <- "MDL1=VOLUME" 
model2label <- "MDL2=VOLUME / OFFSET=LENGTH" 
model3label <- "MDL3=VOLUME / OFFSET=LANES" 
model4label <- "MDL4=VOLUME+LENGTH" 
model5label <- "MDL5=VOLUME+LENGTH / OFFSET=LANES" 
model6label <- "MDL6=VOLUME+LENGTH+DAYS_RAIN" 
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model7label <- "MDL7=VOLUME+LENGTH+DAYS_RAIN / OFFSET=LANES" 
 
 
#models 
model1=glm.nb(CRASH ~ VOLUME, control=glm.control(maxit=1000)) 
model2=glm.nb(CRASH ~ VOLUME, offset=AY$LOG_LNGTH, 
control=glm.control(maxit=1000)) 
model3=glm.nb(CRASH ~ VOLUME, offset=AY$LOG_LANES, 
control=glm.control(maxit=1000)) 
model4=glm.nb(CRASH ~ VOLUME + AY$LNGTH, 
control=glm.control(maxit=1000)) 
model5=glm.nb(CRASH ~ VOLUME + AY$LNGTH, offset=AY$LOG_LANES, 
control=glm.control(maxit=1000)) 
model6=glm.nb(CRASH ~ VOLUME + AY$LNGTH+ AY$DAYS_RAIN , 
control=glm.control(maxit=1000)) 
model7=glm.nb(CRASH ~ VOLUME + AY$LNGTH+ AY$DAYS_RAIN, 
offset=AY$LOG_LANES, control=glm.control(maxit=1000)) 
 
#PLOTS ############################################################### 
#model diagnostic plots 
par(mfrow = c(2, 2)) #set graph parameter 
plot(model1) 
plot(model2) 
plot(model3) 
plot(model4) 
plot(model5) 
plot(model6) 
plot(model7) 
 
#two-dimensional model plots 
par(mfrow = c(4, 2)) #set graph parameter 
 
maxlim <- max(max(fitted(model1)),max(CRASH)) 
plot(fitted(model1)~CRASH, main =paste(model1label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model1label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="red") 
 
maxlim <- max(max(fitted(model2)),max(CRASH)) 
plot(fitted(model2)~CRASH, main =paste(model2label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model2label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="blue") 
 
maxlim <- max(max(fitted(model3)),max(CRASH)) 
plot(fitted(model3)~CRASH, main =paste(model3label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model3label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="green") 
  
maxlim <- max(max(fitted(model4)),max(CRASH)) 
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plot(fitted(model4)~CRASH, main =paste(model4label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model4label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="orange") 
 
maxlim <- max(max(fitted(model5)),max(CRASH)) 
plot(fitted(model5)~CRASH, main =paste(model5label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model5label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="purple") 
 
maxlim <- max(max(fitted(model6)),max(CRASH)) 
plot(fitted(model6)~CRASH, main =paste(model6label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model6label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="pink") 
 
maxlim <- max(max(fitted(model7)),max(CRASH)) 
plot(fitted(model7)~CRASH, main =paste(model7label) , xlab="Observed", 
ylab="Fitted", xlim=c(0,maxlim), ylim=c(0,maxlim)) 
 abline (0,1, col="red") 
plot(VOLUMEPLOT, CRASH, main =paste(model7label) , 
xlab=paste(plotxlabel), ylab=paste(plotylabel)) 
 points (VOLUMEPLOT, fitted(model1), pch=22, col="violet") 
 
 
 
#PSUEDO R2 ########################################################### 
#(from Washington et. al pg 244) 
 
numerator <- sum(((CRASH - fitted(model1))/fitted(model1)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp1 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model2))/fitted(model2)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp2 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model3))/fitted(model3)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp3 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model4))/fitted(model4)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp4 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model5))/fitted(model5)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp5 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model6))/fitted(model6)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp6 <- 1 - numerator/denominator 
numerator <- sum(((CRASH - fitted(model7))/fitted(model7)^0.5)^2) 
denominator <- sum(((CRASH-mean(CRASH))/mean(CRASH)^0.5)^2) 
rp7 <- 1 - numerator/denominator 
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#SUMMARY MODEL DIAGNOSTICS ########################################### 
 
summary(model1) 
summary(model2) 
summary(model3) 
summary(model4) 
summary(model5) 
summary(model6) 
summary(model7) 
 
#COMPACT SUMMARY MODEL DIAGNOSTICS ################################### 
rp1 
rp2 
rp3 
rp4 
rp5 
rp6 
rp7 
 
AIC(model1) 
AIC(model2) 
AIC(model3) 
AIC(model4) 
AIC(model5) 
AIC(model6) 
AIC(model7) 
 
coef(model1) 
coef(model2) 
coef(model3) 
coef(model4) 
coef(model5) 
coef(model6) 
coef(model7) 
 
theta.ml(model1, limit=1000) 
theta.ml(model2, limit=1000) 
theta.ml(model3, limit=1000) 
theta.ml(model4, limit=1000) 
theta.ml(model5, limit=1000) 
theta.ml(model6, limit=1000) 
theta.ml(model7, limit=1000) 
 
 
 
Final Interchange Models with Year Effects, SAS Code 
PROC IMPORT OUT= WORK.ref  
            DATAFILE= "S:\Active_Projects\05-02 
Illumination\_Analysis\refgroup.csv"  
            DBMS=CSV REPLACE; 
     GETNAMES=YES; 
     DATAROW=2;  
RUN; 
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proc genmod data=ref; 
title 'Total'; 
class INDEX YEAR2; 
MODEL TOTAL= LOGVOL YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_int P=total; 
run; 
proc genmod data=ref; 
class INDEX YEAR2; 
title 'Total Night'; 
MODEL TOTAL_NIGHT= LOGVOL_N YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_nt_int P=total_nt; 
run; 
proc genmod data=ref; 
title 'Total Day'; 
class INDEX YEAR2; 
MODEL TOTAL_DAY= LOGVOL_D YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_dy_int P=total_dy; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury'; 
class INDEX YEAR2; 
MODEL FAT_INJ= LOGVOL YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fat_inj_int P=fat_inj; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury Day'; 
class INDEX YEAR2; 
MODEL FAT_INJ_DAY= LOGVOL_D YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fat_inj__dy_int P=fat_inj_dy; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury Night'; 
class INDEX YEAR2; 
MODEL FAT_INJ_NIGHT= LOGVOL_N YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fat_inj__nt_int P=fat_inj_nt; 
run; 
 
 
 
Final Lineal Models with Year Effects, SAS Code 
PROC IMPORT OUT= WORK.ref  
            DATAFILE= "S:\Active_Projects\05-02 
Illumination\_Analysis\refgroup_lineal.csv"  
            DBMS=CSV REPLACE; 
     GETNAMES=YES; 
     DATAROW=2;  
RUN; 
proc genmod data=ref; 
title 'Total'; 
class INDEX YEAR2; 
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MODEL TOTAL= LOGVOL YEAR2/dist=NEGBIN offset=LOG_LNGTH; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total P=total; 
run; 
proc genmod data=ref; 
title 'Total Night'; 
class INDEX YEAR2; 
MODEL TOTAL_NIGHT= LOGVOL_N YEAR2/dist=NEGBIN offset=LOG_LNGTH; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_nt_int P=total_nt; 
run; 
proc genmod data=ref; 
title 'Total Day'; 
class INDEX YEAR2; 
MODEL TOTAL_DAY= LOGVOL_D  YEAR2/dist=NEGBIN offset=LOG_LNGTH;; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_day P=total_day; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury'; 
class INDEX YEAR2; 
MODEL FAT_INJ= LOGVOL YEAR2/dist=NEGBIN offset=LOG_LNGTH;; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fi P=fi; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury Day'; 
class INDEX YEAR2; 
MODEL FAT_INJ_DAY= LOGVOL_D YEAR2/dist=NEGBIN offset=LOG_LNGTH;; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fi_day P=fi_day; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury Night'; 
class INDEX YEAR2; 
MODEL FAT_INJ_NIGHT= LOGVOL_N YEAR2/dist=NEGBIN offset=LOG_LNGTH;; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fi_nt P=fi_nt; 
run; 
proc genmod data=ref; 
title 'Total'; 
class INDEX YEAR2; 
MODEL TOTAL= LOGVOL LNGTH YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total P=total; 
run; 
proc genmod data=ref; 
title 'Total Night'; 
class INDEX YEAR2; 
MODEL TOTAL_NIGHT= LOGVOL_N LNGTH YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_nt P=total_nt; 
run; 
proc genmod data=ref; 
title 'Total Day'; 
class INDEX YEAR2; 
MODEL TOTAL_DAY= LOGVOL_D LNGTH YEAR2/dist=NEGBIN; 
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repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_total_day P=total_day; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury'; 
class INDEX YEAR2; 
MODEL FAT_INJ= LOGVOL LNGTH YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fi P=fi; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury Day'; 
class INDEX YEAR2; 
MODEL FAT_INJ_DAY= LOGVOL_D LNGTH YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fi_day P=fi_day; 
run; 
proc genmod data=ref; 
title 'Fatal and Injury Night'; 
class INDEX YEAR2; 
MODEL FAT_INJ_NIGHT= LOGVOL_N LNGTH YEAR2/dist=NEGBIN; 
repeated subject=INDEX /type=exch covb corrw; 
OUTPUT OUT=regout_fi_nt P=fi_nt; 
run; 
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APPENDIX E: SIMPLE BEFORE AFTER RESULTS 
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0.80
14.40
11.52
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5
4
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82
0.80
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0.92
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11.40
6.84
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s
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4
3
1
0.80
2.40
1.92
0.42
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ter
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stim
ate
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ariance
S
t. D
ev
9
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4
2
1
0.80
1.60
1.28
0.63
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A
rlington
5
4
2
2
0.80
1.60
1.28
1.25
pi-hat=
53.60
42.88
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orth P
ow
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5
4
2
1
0.80
1.60
1.28
0.63
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elta-hat=
-13.40
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10.482
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treet
5
4
3
2
0.80
2.40
1.92
0.83
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1.232
0.044
0.210
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N
orth O
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5
4
2
1
0.80
1.60
1.28
0.63
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E
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5
4
1
8
0.80
0.80
0.64
10.00
-44.13
to
-2.20
-64.26
to
17.93
32
G
reen S
prings
5
4
3
5
0.80
2.40
1.92
2.08
33
N
orth A
shland
5
4
2
1
0.80
1.60
1.28
0.63
34
B
arnett R
d
5
4
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8
0.80
0.80
0.64
10.00
35
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entral P
oint
5
4
3
5
0.80
2.40
1.92
2.08
38
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resw
ell
5
4
15
6
0.80
12.00
9.60
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40
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4
14
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0.80
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8
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t. D
ev
3
N
E
 207th
3
4
6
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1.33
8.00
10.67
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N
E
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5
4
23
8
0.80
18.40
14.72
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pi-hat=
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5
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13.60
10.88
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1
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0.98
27
S
andy B
lvd / C
olum
bia
5
4
40
42
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0.80
39.20
31.36
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APPENDIX F: EB BEFORE AFTER RESULTS 
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EB
 Estim
ates
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E
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N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
2
N
E
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1
180
116
84.0
74.9
1909.2
1518.8
0.0
176.0
168.5
0.9
156.9
134.1
40.9
250.1
0.74
0.008
0.088
Lam
bda-hat=
2,845
2,845.00
3
N
E
 207th
1
25
45
32.3
47.3
282.2
605.5
0.1
25.7
23.1
1.5
37.7
49.6
-7.3
94.6
1.23
0.081
0.285
pi-hat=
2,916.84
2,367.34
4
N
E
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1
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34
41.6
37.7
469.2
385.2
0.1
67.7
62.2
0.9
61.3
51.0
27.3
85.0
0.56
0.013
0.115
D
elta-hat=
71.84
5,212.34
72.197
5
M
arine D
r / Troutdale
1
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28
19.6
17.7
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84.8
0.2
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45.8
0.9
49.2
37.5
21.2
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0.58
0.017
0.129
Theta-hat=
0.976
0.001
0.024
6
W
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alles
1
3
5
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9.8
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0.3
4.9
3.6
1.0
4.7
3.3
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1.23
0.398
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7
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1
8
3
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0.2
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7.0
0.9
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5.0
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-0.01
to
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-2.36
to
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S
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1
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0.0
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0.9
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1
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0.0
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0.7
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0.164
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1
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4227.0
0.0
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0.7
113.9
73.8
8.9
178.8
0.93
0.013
0.114
20
C
lackam
as
1
340
183
188.9
122.6
9657.2
4066.5
0.0
337.1
330.6
0.6
218.7
139.2
35.7
322.2
0.84
0.006
0.077
21
Lake R
oad
1
118
67
124.1
75.4
4164.0
1536.7
0.0
118.2
114.8
0.6
71.8
42.4
4.8
109.4
0.94
0.020
0.142
22
Foster &
 W
oodstock B
lvd
1
178
169
198.5
123.6
10655.3
4134.9
0.0
178.4
175.1
0.6
111.1
68.0
-57.9
237.0
1.53
0.026
0.163
24
P
ow
ell and D
ivision
1
292
251
239.4
196.6
15509.0
10454.2
0.0
291.2
286.8
0.8
239.1
193.3
-11.9
444.3
1.05
0.008
0.090
25
S
tark - W
ashington
1
183
181
153.9
137.5
6408.5
5110.9
0.0
182.3
178.0
0.9
162.8
142.0
-18.2
323.0
1.12
0.013
0.116
26
S
 B
anfield
1
214
212
303.4
256.0
24899.2
17728.5
0.0
215.1
212.5
0.8
181.5
151.3
-30.5
363.3
1.17
0.013
0.113
27
S
andy B
lvd / C
olum
bia
1
161
140
152.6
130.7
6296.3
4619.6
0.0
160.8
157.0
0.9
137.7
115.2
-2.3
255.2
1.02
0.014
0.117
28
A
irport W
ay
1
163
142
198.2
180.5
10626.7
8810.1
0.0
163.6
160.6
0.9
149.0
133.2
7.0
275.2
0.96
0.012
0.109
29
C
ornelius P
ass
1
41
31
66.0
61.2
1178.5
1014.6
0.1
42.3
40.1
0.9
39.3
34.5
8.3
65.5
0.81
0.034
0.184
30
185th A
venue 
1
134
113
106.6
90.6
3076.3
2219.3
0.0
133.1
128.6
0.8
113.0
92.8
0.0
205.8
1.01
0.016
0.127
31
C
ornell R
oad
1
182
118
117.7
78.4
3744.4
1661.5
0.0
180.0
174.6
0.7
119.9
77.5
1.9
195.5
0.99
0.013
0.116
36
N
orth R
oseburg
1
15
18
24.9
26.2
167.2
186.4
0.1
16.3
14.2
1.1
17.2
15.8
-0.8
33.8
1.10
0.120
0.346
37
A
nlauf (U
m
pqua H
w
y)
1
9
22
13.3
12.3
47.7
40.8
0.2
9.9
7.8
0.9
9.2
6.7
-12.8
28.7
2.58
0.712
0.844
39
G
lenw
ood (Judkins P
oint)
1
14
4
53.9
46.1
784.7
574.4
0.1
16.6
15.5
0.9
14.2
11.3
10.2
15.3
0.30
0.024
0.156
41
N
orth A
lbany
1
113
97
50.5
46.5
690.0
585.6
0.1
108.7
101.3
0.9
100.2
86.0
3.2
183.0
0.98
0.018
0.133
42
K
uebler B
lvd.
1
108
134
58.8
55.1
935.8
822.2
0.1
105.1
98.9
0.9
98.5
86.9
-35.5
220.9
1.37
0.030
0.174
43
N
orth S
antiam
1
117
61
86.5
89.4
2026.1
2160.7
0.0
115.8
111.0
1.0
119.5
118.4
58.5
179.4
0.51
0.006
0.080
44
M
arket S
treet
1
64
31
81.1
84.4
1778.1
1928.1
0.0
64.7
61.9
1.0
67.4
67.1
36.4
98.1
0.47
0.010
0.100
45
H
ayesville
1
36
38
63.5
69.3
1089.7
1298.8
0.1
37.5
35.4
1.1
41.0
42.2
3.0
80.2
0.95
0.044
0.211
47
W
oodburn
1
28
34
73.2
68.4
1449.7
1264.9
0.0
30.2
28.7
0.9
28.2
25.1
-5.8
59.1
1.24
0.089
0.298
48
S
tafford R
oad
1
108
85
148.6
128.4
5970.2
4457.7
0.0
109.0
106.3
0.9
94.2
79.4
9.2
164.4
0.91
0.017
0.130
49
I-5/I-205
1
228
187
219.3
190.3
13010.3
9791.8
0.0
227.9
224.1
0.9
197.7
168.6
10.7
355.6
0.95
0.009
0.093
S
um
s
3567
2845
3327.1
2757.0
143297.3
95016.0
2.0
3556.3
3438.9
27.4
2916.8
2367.3
71.8
5212.3
0.98
0.001
0.024
Lineal Full to Lineal N
one &
 Lineal Full to Lineal Som
e
B
/C
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
16
I-205 Lineal Lighting (M
P
 6.99-9.18)
7
218
171
122.6
100.5
7495.9
5036.0
0.0
216.5
213.0
0.8
177.4
143.1
6.4
314.1
0.97
0.010
0.098
Lam
bda-hat=
290
290.00
23
I-205 Lineal Lighting M
P
 18.33 -18.64)
7
37
31
35.1
26.8
614.2
358.7
0.1
36.9
34.9
0.8
28.2
20.4
-2.8
51.4
1.13
0.070
0.265
pi-hat=
288.34
224.63
1
I-84 Lineal Lighting (M
P
 9.92-12.39)
7
71
53
171.9
136.8
14729.4
9328.9
0.0
72.2
71.3
0.8
57.4
45.2
4.4
98.2
0.94
0.028
0.167
D
elta-hat=
-1.66
514.63
22.685
19
I-205 Lineal Lighting (M
P
 11.33-12.18)
7
38
35
84.5
54.7
3557.5
1489.0
0.0
39.1
38.2
0.6
25.3
16.0
-9.7
51.0
1.42
0.103
0.320
Theta-hat=
1.008
0.006
0.079
364
290
414.1
318.8
26397.1
16212.7
0.1
364.6
357.4
3.0
288.3
224.6
-1.7
514.6
1.01
0.006
0.079
-8.74
to
7.04
-16.31
to
14.61
Partial Plus to Partial
D
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
8
B
iggs Jct.
1
5.00
6.00
8.2
7.6
18.4
15.7
0.3
6.0
4.1
0.9
5.6
3.5
-0.4
9.5
1.21
0.329
0.574
Lam
bda-hat=
195
195.00
9
R
ufus
1
5.00
3.00
5.1
4.5
7.1
5.6
0.4
5.0
2.9
0.9
4.5
2.3
1.5
5.3
0.75
0.201
0.449
pi-hat=
211.65
173.24
10
A
rlington
1
8.00
5.00
4.8
4.1
6.2
4.6
0.4
6.6
3.7
0.9
5.7
2.8
0.7
7.8
0.95
0.220
0.469
D
elta-hat=
16.65
368.24
19.190
11
N
orth P
ow
der
1
6.00
3.00
4.2
3.3
4.7
3.0
0.5
5.2
2.7
0.8
4.1
1.7
1.1
4.7
0.80
0.232
0.482
Theta-hat=
0.925
0.008
0.087
12
C
am
pbell S
treet
1
9.00
8.00
5.3
5.2
7.5
7.4
0.4
7.5
4.4
1.0
7.4
4.3
-0.6
12.3
1.17
0.238
0.488
13
N
orth O
ntario
1
5.00
5.00
5.4
5.2
7.9
7.2
0.4
5.2
3.1
1.0
4.9
2.8
-0.1
7.8
1.13
0.323
0.568
-1.23
to
16.25
-9.62
to
24.64
14
E
ast Idaho A
venue
1
9.00
17.00
14.2
12.9
54.3
44.8
0.2
10.1
8.0
0.9
9.1
6.6
-7.9
23.6
2.00
0.475
0.689
32
G
reen S
prings
1
18.00
10.00
19.8
19.6
106.3
104.0
0.2
18.3
15.4
1.0
18.1
15.1
8.1
25.1
0.58
0.045
0.211
33
N
orth A
shland
1
21.00
15.00
29.9
28.9
241.2
225.6
0.1
22.0
19.6
1.0
21.3
18.3
6.3
33.3
0.73
0.053
0.231
34
B
arnett R
d
1
41.00
40.00
52.8
49.2
754.7
653.5
0.1
41.8
39.0
0.9
38.9
33.8
-1.1
73.8
1.05
0.050
0.224
35
C
entral P
oint
1
22.00
17.00
29.3
30.1
231.8
245.7
0.1
22.8
20.3
1.0
23.5
21.5
6.5
38.5
0.75
0.051
0.226
38
C
resw
ell
1
14.00
11.00
32.3
29.8
282.8
239.9
0.1
15.9
14.3
0.9
14.6
12.1
3.6
23.1
0.79
0.083
0.289
40
S
antiam
1
12.00
22.00
36.9
32.9
368.6
293.2
0.1
14.3
13.0
0.9
12.7
10.3
-9.3
32.3
1.84
0.326
0.571
46
B
rooks
1
41.00
33.00
73.3
71.1
1455.2
1369.1
0.0
42.6
40.5
1.0
41.3
38.1
8.3
71.1
0.82
0.034
0.184
216
195
321.6
304.5
3546.8
3219.4
3.3
223.1
191.0
13.0
211.7
173.2
16.7
368.2
0.92
0.008
0.087
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
Total
Total D
ay
EB
 Estim
ates
Full to Partial
A
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
2
N
E
 181st
2
119
72
61.5
53.4
1172.0
885.6
0.0
116.1
110.3
0.9
100.9
83.4
28.9
155.4
0.72
0.011
0.106
Lam
bda-hat=
2,002
2,002.00
3
N
E
 207th
2
13
33
23.0
33.0
163.7
338.3
0.1
14.2
12.5
1.4
20.5
25.8
-12.5
58.8
1.71
0.239
0.489
pi-hat=
2,034.46
1,594.08
4
N
E
 238th
2
50
20
29.6
26.1
271.1
210.8
0.1
48.0
43.3
0.9
42.3
33.6
22.3
53.6
0.48
0.015
0.124
D
elta-hat=
32.46
3,596.08
59.967
5
M
arine D
r / Troutdale
2
47
18
13.4
11.8
55.5
43.2
0.2
40.5
32.6
0.9
35.7
25.4
17.7
43.4
0.51
0.019
0.139
Theta-hat=
0.984
0.001
0.029
6
W
est The D
alles
2
3
4
6.8
6.3
14.3
12.4
0.3
4.2
2.9
0.9
3.9
2.5
-0.1
6.5
1.18
0.426
0.652
7
B
rew
ery G
rade
2
6
3
8.4
7.2
21.7
16.2
0.3
6.7
4.8
0.9
5.8
3.6
2.8
6.6
0.58
0.120
0.346
-1.37
to
4.48
-4.18
to
7.29
15
S
. W
est Linn 
2
46
56
59.1
53.4
1084.0
886.0
0.1
46.7
44.3
0.9
42.2
36.2
-13.8
92.2
1.35
0.067
0.259
17
O
regon C
ity
2
99
84
100.1
64.6
3107.1
1294.5
0.0
99.0
95.9
0.6
63.9
40.0
-20.1
124.0
1.33
0.037
0.194
18
P
arkplace
2
98
68
143.7
92.1
6401.6
2630.2
0.0
99.0
96.8
0.6
63.5
39.8
-4.5
107.8
1.08
0.028
0.168
20
C
lackam
as
2
249
118
143.6
90.2
6392.9
2521.8
0.0
246.7
241.3
0.6
154.9
95.2
36.9
213.2
0.76
0.007
0.085
21
Lake R
oad
2
93
44
92.4
54.2
2651.1
910.3
0.0
93.0
89.8
0.6
54.5
30.9
10.5
74.9
0.82
0.022
0.147
22
Foster &
 W
oodstock B
lvd
2
137
127
151.1
91.0
7084.2
2568.4
0.0
137.3
134.4
0.6
82.7
48.7
-44.3
175.7
1.55
0.035
0.188
24
P
ow
ell and D
ivision
2
214
181
183.9
146.6
10489.4
6662.4
0.0
213.5
209.8
0.8
170.1
133.3
-10.9
314.3
1.07
0.011
0.107
25
S
tark - W
ashington
2
138
131
115.8
100.8
4160.7
3154.4
0.0
137.4
133.7
0.9
119.6
101.3
-11.4
232.3
1.10
0.018
0.133
26
S
 B
anfield
2
162
140
235.6
193.2
17217.6
11582.8
0.0
163.0
160.8
0.8
133.7
108.2
-6.3
248.2
1.05
0.014
0.120
27
S
andy B
lvd / C
olum
bia
2
105
97
114.7
95.6
4081.8
2834.2
0.0
105.3
102.4
0.8
87.7
71.1
-9.3
168.1
1.12
0.024
0.155
28
A
irport W
ay
2
119
99
150.8
134.0
7055.5
5572.9
0.0
119.7
117.2
0.9
106.4
92.5
7.4
191.5
0.94
0.016
0.126
29
C
ornelius P
ass
2
29
20
47.7
43.2
705.6
580.0
0.1
30.2
28.3
0.9
27.4
23.2
7.4
43.2
0.75
0.043
0.208
30
185th A
venue 
2
100
80
78.8
65.1
1927.2
1315.0
0.0
99.2
95.3
0.8
81.9
65.0
1.9
145.0
0.99
0.021
0.145
31
C
ornell R
oad
2
129
84
87.4
56.5
2367.6
989.6
0.0
127.5
123.0
0.6
82.4
51.4
-1.6
135.4
1.03
0.020
0.142
36
N
orth R
oseburg
2
11
14
17.8
18.5
98.4
106.0
0.2
12.0
10.2
1.0
12.5
11.0
-1.5
25.0
1.20
0.178
0.422
37
A
nlauf (U
m
pqua H
w
y)
2
8
11
9.2
8.4
26.5
21.6
0.3
8.3
6.2
0.9
7.5
5.0
-3.5
16.0
1.59
0.385
0.621
39
G
lenw
ood (Judkins P
oint)
2
11
1
40.0
33.3
496.8
344.4
0.1
13.2
12.2
0.8
11.0
8.4
10.0
9.4
0.10
0.009
0.094
41
N
orth A
lbany
2
75
73
37.4
33.7
434.3
351.3
0.1
72.0
66.3
0.9
64.8
53.6
-8.2
126.6
1.14
0.034
0.183
42
K
uebler B
lvd.
2
71
97
43.9
40.2
597.7
501.3
0.1
69.1
64.4
0.9
63.3
54.0
-33.7
151.0
1.55
0.056
0.236
43
N
orth S
antiam
2
83
42
65.8
66.7
1342.0
1378.5
0.0
82.2
78.4
1.0
83.3
80.5
41.3
122.5
0.51
0.009
0.095
44
M
arket S
treet
2
43
23
61.4
62.8
1169.2
1222.8
0.0
43.9
41.7
1.0
44.9
43.6
21.9
66.6
0.52
0.017
0.131
45
H
ayesville
2
27
28
47.5
51.1
700.4
809.0
0.1
28.3
26.5
1.1
30.4
30.6
2.4
58.6
0.95
0.058
0.241
47
W
oodburn
2
26
26
55.2
50.4
945.4
787.8
0.1
27.6
26.1
0.9
25.2
21.7
-0.8
47.7
1.07
0.077
0.278
48
S
tafford R
oad
2
78
64
111.6
93.8
3863.8
2731.0
0.0
78.9
76.7
0.8
66.4
54.2
2.4
118.2
0.98
0.026
0.161
49
I-5/I-205
2
172
144
167.7
141.6
8729.0
6221.9
0.0
171.9
168.7
0.8
145.1
120.2
1.1
264.2
1.00
0.012
0.112
S
um
s
2561
2002
2504.8
2018.8
94828.1
59484.7
2.4
2554.6
2456.6
26.8
2034.5
1594.1
32.5
3596.1
0.98
0.001
0.029
Lineal Full to Lineal N
one &
 Lineal Full to Lineal Som
e
B
/C
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
16
I-205 Lineal Lighting (M
P
 6.99-9.18)
8
175
121
83.7
68.7
3741.7
2527.2
0.0
173.0
169.2
0.8
142.2
114.3
21.2
235.3
0.86
0.010
0.100
Lam
bda-hat=
194
194.00
23
I-205 Lineal Lighting M
P
 18.33 -18.64)
8
23
18
24.6
18.8
324.2
189.8
0.1
23.1
21.5
0.8
17.7
12.6
-0.3
30.6
1.06
0.099
0.315
pi-hat=
215.12
167.68
1
I-84 Lineal Lighting (M
P
 9.92-12.39)
8
49
33
117.9
94.2
7437.1
4745.6
0.0
50.1
49.3
0.8
40.0
31.5
7.0
64.5
0.84
0.034
0.184
D
elta-hat=
21.12
361.68
19.018
19
I-205 Lineal Lighting (M
P
 11.33-12.18)
8
23
22
59.0
37.3
1859.3
744.7
0.0
24.1
23.4
0.6
15.3
9.4
-6.7
31.4
1.50
0.178
0.422
Theta-hat=
0.905
0.007
0.084
270
194
285.2
219.1
13362.2
8207.2
0.1
270.3
263.4
3.0
215.1
167.7
21.1
361.7
0.91
0.007
0.084
1.04
to
17.94
-7.07
to
26.05
Partial Plus to Partial
D
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
8
B
iggs Jct.
2
5.00
4.00
5.6
5.1
9.8
8.0
0.4
5.2
3.3
0.9
4.7
2.7
0.7
6.7
0.95
0.268
0.517
Lam
bda-hat=
149
149.00
9
R
ufus
2
2.00
2.00
3.3
2.8
3.3
2.5
0.5
2.6
1.3
0.9
2.3
1.0
0.3
3.0
1.05
0.533
0.730
pi-hat=
144.61
113.29
10
A
rlington
2
6.00
4.00
3.1
2.6
2.9
2.1
0.5
4.5
2.2
0.8
3.8
1.5
-0.2
5.5
1.18
0.403
0.635
D
elta-hat=
-4.39
262.29
16.195
11
N
orth P
ow
der
2
1.00
2.00
2.8
2.1
2.4
1.4
0.5
2.0
0.9
0.8
1.5
0.5
-0.5
2.5
1.64
1.294
1.137
Theta-hat=
1.036
0.013
0.113
12
C
am
pbell S
treet
2
6.00
7.00
3.5
3.4
3.8
3.6
0.5
4.8
2.5
1.0
4.7
2.4
-2.3
9.4
1.66
0.565
0.751
13
N
orth O
ntario
2
5.00
3.00
3.6
3.4
4.1
3.5
0.5
4.4
2.3
0.9
4.1
2.0
1.1
5.0
0.83
0.248
0.498
-14.94
to
7.76
-25.83
to
18.65
14
E
ast Idaho A
venue
2
4.00
13.00
9.9
8.8
30.4
23.8
0.2
5.4
4.1
0.9
4.8
3.2
-8.2
16.2
3.07
1.563
1.250
32
G
reen S
prings
2
13.00
5.00
14.1
13.6
61.3
57.6
0.2
13.2
10.7
1.0
12.8
10.1
7.8
15.1
0.42
0.040
0.200
33
N
orth A
shland
2
16.00
11.00
21.6
20.4
144.4
129.4
0.1
16.7
14.6
0.9
15.8
13.0
4.8
24.0
0.73
0.069
0.263
34
B
arnett R
d
2
31.00
33.00
39.2
35.6
477.1
394.0
0.1
31.6
29.2
0.9
28.7
24.1
-4.3
57.1
1.18
0.078
0.280
35
C
entral P
oint
2
13.00
16.00
21.1
21.4
138.6
141.6
0.1
14.1
12.2
1.0
14.2
12.5
-1.8
28.5
1.19
0.157
0.396
38
C
resw
ell
2
10.00
7.00
23.5
21.1
170.8
138.2
0.1
11.6
10.2
0.9
10.5
8.3
3.5
15.3
0.72
0.098
0.313
40
S
antiam
2
8.00
18.00
26.9
23.4
225.3
170.3
0.1
10.0
9.0
0.9
8.7
6.8
-9.3
24.8
2.25
0.617
0.785
46
B
rooks
2
28.00
24.00
55.3
52.5
947.8
854.7
0.1
29.5
27.9
0.9
28.0
25.1
4.0
49.1
0.88
0.054
0.233
148
149
233.4
216.3
2221.9
1930.7
3.9
155.7
130.4
12.7
144.6
113.3
-4.4
262.3
1.04
0.013
0.113
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
Total N
ight
EB
 Estim
ates
Full to Partial
A
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
2
N
E
 181st
3
61
43
24.3
22.2
81.1
67.7
0.2
52.5
40.4
0.9
48.0
33.8
5.0
76.8
0.91
0.030
0.174
Lam
bda-hat=
839
839.00
3
N
E
 207th
3
12
12
10.0
14.6
13.7
29.1
0.4
11.2
6.5
1.5
16.2
13.7
4.2
25.7
0.78
0.074
0.272
pi-hat=
811.56
550.32
4
N
E
 238th
3
20
14
13.1
11.8
23.7
19.2
0.4
17.6
11.3
0.9
15.8
9.1
1.8
23.1
0.92
0.085
0.292
D
elta-hat=
-27.44
1,389.32
37.274
5
M
arine D
r / Troutdale
3
14
10
6.6
5.9
5.9
4.8
0.5
10.1
4.8
0.9
9.1
3.9
-0.9
13.9
1.16
0.179
0.423
Theta-hat=
1.035
0.002
0.047
6
W
est The D
alles
3
0
1
3.6
3.4
1.8
1.6
0.7
2.4
0.8
0.9
2.3
0.7
1.3
1.7
0.50
0.220
0.469
7
B
rew
ery G
rade
3
2
0
4.3
3.8
2.6
2.0
0.6
3.5
1.3
0.9
3.1
1.0
3.1
1.0
0.00
0.000
0.000
-8.12
to
1.19
-12.59
to
5.66
15
S
. W
est Linn 
3
27
26
24.2
22.2
80.6
67.8
0.2
26.4
20.3
0.9
24.2
17.1
-1.8
43.1
1.11
0.078
0.280
17
O
regon C
ity
3
30
25
38.5
25.5
203.4
89.1
0.2
31.4
26.4
0.7
20.8
11.6
-4.2
36.6
1.24
0.097
0.311
18
P
arkplace
3
74
37
52.9
34.8
384.1
166.3
0.1
71.4
62.8
0.7
47.0
27.2
10.0
64.2
0.80
0.024
0.156
20
C
lackam
as
3
91
65
52.9
34.2
383.5
160.4
0.1
86.4
75.9
0.6
55.9
31.8
-9.1
96.8
1.18
0.035
0.186
21
Lake R
oad
3
24
23
35.9
21.9
176.8
65.5
0.2
26.0
21.6
0.6
15.8
8.0
-7.2
31.0
1.50
0.159
0.399
22
Foster &
 W
oodstock B
lvd
3
41
41
55.3
34.5
419.8
163.0
0.1
42.7
37.7
0.6
26.6
14.6
-14.4
55.6
1.57
0.107
0.328
24
P
ow
ell and D
ivision
3
78
69
65.7
54.0
592.9
399.6
0.1
76.8
69.1
0.8
63.0
46.6
-6.0
115.6
1.11
0.031
0.177
25
S
tark - W
ashington
3
45
50
43.8
38.8
262.9
206.9
0.1
44.8
38.4
0.9
39.8
30.2
-10.2
80.2
1.28
0.062
0.249
26
S
 B
anfield
3
51
72
81.7
68.8
916.6
649.8
0.1
53.5
49.1
0.8
45.1
34.8
-26.9
106.8
1.63
0.079
0.282
27
S
andy B
lvd / C
olum
bia
3
56
43
43.4
37.1
258.7
188.5
0.1
54.2
46.4
0.9
46.3
33.8
3.3
76.8
0.94
0.034
0.184
28
A
irport W
ay
3
44
43
55.2
49.9
418.6
341.5
0.1
45.3
40.0
0.9
40.9
32.7
-2.1
75.7
1.07
0.047
0.217
29
C
ornelius P
ass
3
12
11
20.1
18.5
55.3
46.7
0.3
14.2
10.4
0.9
13.0
8.8
2.0
19.8
0.89
0.102
0.320
30
185th A
venue 
3
34
33
31.2
26.5
133.8
96.0
0.2
33.5
27.1
0.8
28.4
19.5
-4.6
52.5
1.19
0.074
0.272
31
C
ornell R
oad
3
53
34
34.2
22.7
160.3
70.4
0.2
49.7
41.0
0.7
32.9
18.0
-1.1
52.0
1.05
0.049
0.221
36
N
orth R
oseburg
3
4
4
7.3
7.6
7.4
7.9
0.5
5.7
2.8
1.0
5.9
3.0
1.9
7.0
0.74
0.158
0.397
37
A
nlauf (U
m
pqua H
w
y)
3
1
11
4.1
3.8
2.3
2.0
0.6
3.0
1.1
0.9
2.7
0.9
-8.3
11.9
4.49
3.400
1.844
39
G
lenw
ood (Judkins P
oint)
3
3
3
14.9
12.7
30.6
22.3
0.3
6.9
4.6
0.9
5.9
3.4
2.9
6.4
0.56
0.111
0.334
41
N
orth A
lbany
3
38
23
14.1
12.9
27.2
22.7
0.3
29.8
19.7
0.9
27.2
16.4
4.2
39.4
0.86
0.047
0.216
42
K
uebler B
lvd.
3
37
37
16.2
15.0
36.0
31.0
0.3
30.5
21.1
0.9
28.3
18.1
-8.7
55.1
1.34
0.085
0.291
43
N
orth S
antiam
3
34
19
23.1
23.4
73.3
75.4
0.2
31.4
23.9
1.0
31.8
24.5
12.8
43.5
0.61
0.027
0.165
44
M
arket S
treet
3
21
8
21.8
22.2
65.0
67.9
0.3
21.2
15.9
1.0
21.7
16.6
13.7
24.6
0.38
0.022
0.148
45
H
ayesville
3
9
10
17.4
18.5
41.4
47.2
0.3
11.5
8.1
1.1
12.3
9.2
2.3
19.2
0.87
0.108
0.328
47
W
oodburn
3
2
8
19.8
18.3
53.9
46.1
0.3
6.8
5.0
0.9
6.3
4.2
-1.7
12.2
1.41
0.378
0.615
48
S
tafford R
oad
3
29
21
42.4
36.5
246.3
182.4
0.1
31.0
26.4
0.9
26.6
19.6
5.6
40.6
0.81
0.047
0.216
49
I-5/I-205
3
56
43
60.6
52.4
504.4
376.3
0.1
56.5
50.4
0.9
48.8
37.6
5.8
80.6
0.90
0.030
0.174
S
um
s
1003
839
938.9
774.3
5664.0
3717.1
8.4
987.6
810.2
27.2
811.6
550.3
-27.4
1389.3
1.03
0.002
0.047
Lineal Full to Lineal N
one &
 Lineal Full to Lineal Som
e
B
/C
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
16
I-205 Lineal Lighting (M
P
 6.99-9.18)
9
43
49
39.7
32.5
723.0
482.5
0.1
42.8
40.6
0.8
35.0
27.1
-14.0
76.1
1.43
0.083
0.289
Lam
bda-hat=
95
95.00
23
I-205 Lineal Lighting M
P
 18.33 -18.64)
9
14
13
11.0
8.4
55.9
32.4
0.2
13.5
11.3
0.8
10.3
6.6
-2.7
19.6
1.34
0.221
0.470
pi-hat=
74.40
54.33
1
I-84 Lineal Lighting (M
P
 9.92-12.39)
9
22
20
55.3
43.8
1402.4
878.9
0.0
23.3
22.4
0.8
18.4
14.0
-1.6
34.0
1.13
0.108
0.328
D
elta-hat=
-20.60
149.33
12.220
19
I-205 Lineal Lighting (M
P
 11.33-12.18)
9
15
13
26.7
18.0
326.8
148.1
0.1
15.9
14.7
0.7
10.7
6.7
-2.3
19.7
1.29
0.200
0.447
Theta-hat=
1.289
0.033
0.182
94
95
132.8
102.7
2508.1
1541.9
0.3
95.5
88.9
3.0
74.4
54.3
-20.6
149.3
1.29
0.033
0.182
-47.16
to
-10.73
-64.64
to
6.75
Partial Plus to Partial
D
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
8
B
iggs Jct.
3
0.00
2.00
2.7
2.4
1.0
0.8
0.7
1.9
0.5
0.9
1.8
0.4
-0.2
2.4
1.28
0.802
0.895
Lam
bda-hat=
46
46.00
9
R
ufus
3
3.00
1.00
1.9
1.7
0.5
0.4
0.8
2.1
0.4
0.9
1.9
0.3
0.9
1.3
0.58
0.310
0.556
pi-hat=
71.53
36.38
10
A
rlington
3
2.00
1.00
1.8
1.5
0.4
0.3
0.8
1.8
0.4
0.9
1.6
0.3
0.6
1.3
0.70
0.444
0.667
D
elta-hat=
25.53
82.38
9.077
11
N
orth P
ow
der
3
5.00
1.00
1.4
1.1
0.3
0.2
0.8
2.0
0.3
0.8
1.6
0.2
0.6
1.2
0.67
0.418
0.646
Theta-hat=
0.648
0.012
0.109
12
C
am
pbell S
treet
3
3.00
1.00
1.8
1.7
0.4
0.4
0.8
2.0
0.4
1.0
2.0
0.4
1.0
1.4
0.56
0.287
0.536
13
N
orth O
ntario
3
0.00
2.00
1.8
1.7
0.4
0.4
0.8
1.4
0.3
0.9
1.4
0.3
-0.6
2.3
1.67
1.366
1.169
24.32
to
46.16
13.83
to
56.65
14
E
ast Idaho A
venue
3
5.00
4.00
4.4
3.9
2.6
2.1
0.6
4.6
1.7
0.9
4.2
1.4
0.2
5.4
1.04
0.307
0.554
32
G
reen S
prings
3
5.00
5.00
6.0
5.8
4.9
4.6
0.6
5.5
2.5
1.0
5.4
2.4
0.4
7.4
1.00
0.242
0.492
33
N
orth A
shland
3
5.00
4.00
8.7
8.3
10.3
9.4
0.5
6.7
3.6
1.0
6.4
3.3
2.4
7.3
0.68
0.130
0.361
34
B
arnett R
d
3
10.00
7.00
14.7
13.5
29.6
25.1
0.3
11.6
7.7
0.9
10.6
6.6
3.6
13.6
0.70
0.087
0.295
35
C
entral P
oint
3
9.00
1.00
8.5
8.6
10.0
10.2
0.5
8.8
4.7
1.0
8.9
4.8
7.9
5.8
0.12
0.013
0.116
38
C
resw
ell
3
4.00
4.00
9.3
8.5
12.0
10.0
0.4
6.3
3.6
0.9
5.8
3.0
1.8
7.0
0.75
0.162
0.402
40
S
antiam
3
4.00
4.00
10.6
9.4
15.3
12.0
0.4
6.7
3.9
0.9
5.9
3.1
1.9
7.1
0.74
0.155
0.393
46
B
rooks
3
13.00
9.00
19.8
19.0
54.0
49.6
0.3
14.8
10.9
1.0
14.2
10.0
5.2
19.0
0.66
0.064
0.254
68
46
93.3
87.3
141.7
125.5
8.3
76.4
41.0
12.9
71.5
36.4
25.5
82.4
0.65
0.012
0.109
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
Fatal and Injury
EB
 Estim
ates
Full to Partial
A
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
2
N
E
 181st
4
80
48
34.0
33.1
315.4
298.7
0.1
75.5
68.2
1.0
73.5
64.6
25.5
112.6
0.66
0.014
0.118
Lam
bda-hat=
1,181
1,181.00
3
N
E
 207th
4
11
20
11.8
20.2
37.7
111.5
0.2
11.2
8.5
1.7
19.2
25.2
-0.8
45.2
1.11
0.128
0.358
pi-hat=
1,324.25
1,117.62
4
N
E
 238th
4
29
13
16.1
15.9
70.3
68.7
0.2
26.6
21.6
1.0
26.3
21.2
13.3
34.2
0.51
0.026
0.162
D
elta-hat=
143.25
2,298.62
47.944
5
M
arine D
r / Troutdale
4
24
5
7.1
7.0
13.9
13.5
0.3
18.3
12.1
1.0
18.0
11.7
13.0
16.7
0.29
0.018
0.135
Theta-hat=
0.892
0.001
0.034
6
W
est The D
alles
4
2
1
3.5
3.7
3.4
3.8
0.5
2.8
1.4
1.0
2.9
1.5
1.9
2.5
0.40
0.138
0.371
7
B
rew
ery G
rade
4
0
2
4.4
4.3
5.4
5.0
0.5
2.0
1.1
1.0
1.9
1.0
-0.1
3.0
1.32
0.830
0.911
7.33
to
14.20
4.03
to
17.49
15
S
. W
est Linn 
4
30
29
32.7
33.1
291.4
298.6
0.1
30.3
27.2
1.0
30.6
27.9
1.6
56.9
0.97
0.057
0.240
17
O
regon C
ity
4
53
41
56.1
40.1
859.4
437.6
0.1
53.2
49.9
0.7
38.0
25.4
-3.0
66.4
1.10
0.049
0.221
18
P
arkplace
4
83
56
81.3
57.6
1801.5
905.6
0.0
82.9
79.3
0.7
58.8
39.9
2.8
95.9
0.96
0.027
0.163
20
C
lackam
as
4
127
76
81.3
56.5
1801.8
872.3
0.0
125.0
119.6
0.7
87.0
57.9
11.0
133.9
0.88
0.016
0.126
21
Lake R
oad
4
59
28
51.8
33.5
732.5
306.8
0.1
58.5
54.7
0.6
37.9
22.9
9.9
50.9
0.75
0.028
0.168
22
Foster &
 W
oodstock B
lvd
4
60
61
85.6
56.9
1998.7
884.4
0.0
61.1
58.5
0.7
40.6
25.9
-20.4
86.9
1.53
0.072
0.269
24
P
ow
ell and D
ivision
4
115
96
104.6
93.1
2985.0
2363.2
0.0
114.6
110.8
0.9
102.0
87.7
6.0
183.7
0.95
0.017
0.129
25
S
tark - W
ashington
4
88
77
65.2
63.3
1159.1
1094.8
0.1
86.8
82.2
1.0
84.3
77.6
7.3
154.6
0.92
0.020
0.141
26
S
 B
anfield
4
96
88
134.8
123.5
4959.1
4159.3
0.0
97.0
94.5
0.9
88.9
79.2
0.9
167.2
1.00
0.021
0.145
27
S
andy B
lvd / C
olum
bia
4
67
57
64.6
60.0
1137.9
982.1
0.1
66.9
63.3
0.9
62.1
54.6
5.1
111.6
0.93
0.027
0.163
28
A
irport W
ay
4
69
51
85.2
84.7
1980.4
1959.1
0.0
69.7
66.8
1.0
69.3
66.1
18.3
117.1
0.75
0.018
0.134
29
C
ornelius P
ass
4
12
14
26.2
26.6
186.9
193.5
0.1
13.7
12.1
1.0
14.0
12.5
0.0
26.5
1.07
0.136
0.368
30
185th A
venue 
4
50
47
43.8
40.4
524.2
446.2
0.1
49.5
45.7
0.9
45.7
38.9
-1.3
85.9
1.05
0.042
0.205
31
C
ornell R
oad
4
84
49
48.7
34.9
647.5
332.7
0.1
81.5
75.8
0.7
58.4
39.0
9.4
88.0
0.85
0.022
0.150
36
N
orth R
oseburg
4
8
7
9.1
10.7
22.8
31.5
0.3
8.3
5.9
1.2
9.8
8.2
2.8
15.2
0.78
0.117
0.342
37
A
nlauf (U
m
pqua H
w
y)
4
4
9
4.7
4.8
6.0
6.2
0.4
4.3
2.4
1.0
4.4
2.5
-4.6
11.5
2.33
1.027
1.013
39
G
lenw
ood (Judkins P
oint)
4
5
1
20.9
19.6
119.4
105.1
0.1
7.4
6.3
0.9
6.9
5.5
5.9
6.5
0.16
0.023
0.153
41
N
orth A
lbany
4
58
48
19.7
19.8
105.5
107.1
0.2
52.0
43.8
1.0
52.4
44.5
4.4
92.5
0.93
0.031
0.176
42
K
uebler B
lvd.
4
42
60
23.2
23.8
147.1
154.4
0.1
39.4
34.1
1.0
40.4
35.8
-19.6
95.8
1.52
0.085
0.292
43
N
orth S
antiam
4
52
31
35.2
39.9
338.0
435.3
0.1
50.4
45.7
1.1
57.2
58.8
26.2
89.8
0.55
0.015
0.121
44
M
arket S
treet
4
29
11
32.5
37.5
288.2
384.5
0.1
29.4
26.4
1.2
33.9
35.2
22.9
46.2
0.33
0.013
0.113
45
H
ayesville
4
11
11
25.0
30.4
170.9
252.1
0.1
12.8
11.2
1.2
15.5
16.5
4.5
27.5
0.76
0.080
0.282
47
W
oodburn
4
9
21
29.5
30.0
236.7
245.9
0.1
11.3
10.0
1.0
11.5
10.4
-9.5
31.4
1.97
0.423
0.651
48
S
tafford R
oad
4
36
40
62.8
58.9
1074.6
946.2
0.1
37.5
35.4
0.9
35.2
31.2
-4.8
71.2
1.17
0.065
0.255
49
I-5/I-205
4
104
83
95.3
89.7
2477.1
2195.5
0.0
103.7
99.8
0.9
97.6
88.5
14.6
171.5
0.86
0.015
0.124
S
um
s
1497
1181
1396.7
1253.8
26497.6
20601.0
4.3
1483.5
1374.2
30.0
1324.3
1117.6
143.3
2298.6
0.89
0.001
0.034
Lineal Full to Lineal N
one &
 Lineal Full to Lineal Som
e
B
/C
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
16
I-205 Lineal Lighting (M
P
 6.99-9.18)
10
111
82
62.2
52.9
1342.3
969.0
0.0
108.8
104.0
0.8
92.5
75.1
10.5
157.1
0.89
0.016
0.128
Lam
bda-hat=
133
133.00
23
I-205 Lineal Lighting M
P
 18.33 -18.64)
10
18
14
18.8
14.8
122.5
75.5
0.1
18.1
15.7
0.8
14.2
9.7
0.2
23.7
1.03
0.116
0.340
pi-hat=
146.33
114.21
1
I-84 Lineal Lighting (M
P
 9.92-12.39)
10
29
22
88.4
72.2
2707.3
1807.5
0.0
30.9
29.9
0.8
25.2
20.0
3.2
42.0
0.90
0.058
0.242
D
elta-hat=
13.33
247.21
15.723
19
I-205 Lineal Lighting (M
P
 11.33-12.18)
10
19
15
44.8
31.4
695.5
341.4
0.1
20.6
19.3
0.7
14.4
9.5
-0.6
24.5
1.09
0.122
0.349
Theta-hat=
0.914
0.011
0.103
177
133
214.2
171.3
4867.6
3193.4
0.3
178.4
168.9
3.2
146.3
114.2
13.3
247.2
0.91
0.011
0.103
-1.68
to
18.93
-11.57
to
28.82
Partial Plus to Partial
D
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
8
B
iggs Jct.
4
3.00
1.00
2.8
2.8
2.2
2.2
0.6
2.9
1.3
1.0
2.9
1.3
1.9
2.3
0.39
0.134
0.366
Lam
bda-hat=
75
75.00
9
R
ufus
4
2.00
1.00
1.7
1.6
0.8
0.7
0.7
1.8
0.6
1.0
1.7
0.5
0.7
1.5
0.68
0.394
0.628
pi-hat=
98.56
76.89
10
A
rlington
4
2.00
2.00
1.6
1.5
0.7
0.6
0.7
1.7
0.5
0.9
1.6
0.5
-0.4
2.5
1.47
1.060
1.030
D
elta-hat=
23.56
151.89
12.324
11
N
orth P
ow
der
4
2.00
1.00
1.4
1.2
0.5
0.4
0.7
1.5
0.4
0.9
1.3
0.3
0.3
1.3
0.89
0.668
0.817
Theta-hat=
0.767
0.012
0.111
12
C
am
pbell S
treet
4
3.00
2.00
1.7
1.9
0.8
1.0
0.7
2.1
0.7
1.1
2.3
0.8
0.3
2.8
0.98
0.473
0.688
13
N
orth O
ntario
4
2.00
1.00
1.8
1.9
0.9
1.0
0.7
1.9
0.6
1.0
2.0
0.7
1.0
1.7
0.60
0.309
0.556
12.20
to
34.39
1.56
to
45.04
14
E
ast Idaho A
venue
4
1.00
8.00
5.1
5.0
7.0
6.8
0.4
2.7
1.6
1.0
2.7
1.5
-5.3
9.5
3.64
3.050
1.746
32
G
reen S
prings
4
3.00
5.00
7.2
7.9
14.2
16.8
0.3
4.4
2.9
1.1
4.8
3.5
-0.2
8.5
1.20
0.379
0.615
33
N
orth A
shland
4
15.00
6.00
11.1
11.9
33.9
38.4
0.2
14.0
10.6
1.1
15.0
12.0
9.0
18.0
0.42
0.035
0.188
34
B
arnett R
d
4
14.00
18.00
20.6
21.0
116.3
120.5
0.2
15.0
12.7
1.0
15.3
13.2
-2.7
31.2
1.25
0.156
0.395
35
C
entral P
oint
4
14.00
8.00
10.9
12.5
32.6
42.3
0.3
13.2
9.9
1.1
15.1
12.9
7.1
20.9
0.56
0.051
0.226
38
C
resw
ell
4
5.00
4.00
12.1
12.3
40.2
41.3
0.2
6.7
5.1
1.0
6.7
5.2
2.7
9.2
0.66
0.129
0.359
40
S
antiam
4
6.00
7.00
14.0
13.7
53.7
51.1
0.2
7.7
6.1
1.0
7.5
5.8
0.5
12.8
1.03
0.216
0.465
46
B
rooks
4
17.00
11.00
29.2
31.3
232.2
266.6
0.1
18.4
16.3
1.1
19.7
18.7
8.7
29.7
0.59
0.044
0.209
89
75
121.4
126.4
535.9
589.7
6.0
94.0
69.3
14.3
98.6
76.9
23.6
151.9
0.77
0.012
0.111
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
Fatal and Injury D
ay
EB
 Estim
ates
Full to Partial
A
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
2
N
E
 181st
5
46
25
24.4
23.5
193.2
179.5
0.1
43.6
38.7
1.0
42.0
35.9
17.0
60.9
0.61
0.021
0.146
Lam
bda-hat=
838
838.00
3
N
E
 207th
5
6
14
8.5
14.3
23.2
66.3
0.3
6.7
4.9
1.7
11.3
14.0
-2.7
28.0
1.38
0.281
0.530
pi-hat=
918.49
757.54
4
N
E
 238th
5
23
8
11.5
11.2
42.6
40.7
0.2
20.6
16.2
1.0
20.1
15.5
12.1
23.5
0.41
0.026
0.161
D
elta-hat=
80.49
1,595.54
39.944
5
M
arine D
r / Troutdale
5
17
5
5.0
4.9
8.2
7.9
0.4
12.5
7.7
1.0
12.2
7.4
7.2
12.4
0.43
0.042
0.205
Theta-hat=
0.913
0.002
0.042
6
W
est The D
alles
5
2
1
2.5
2.6
2.0
2.2
0.6
2.3
1.0
1.0
2.4
1.1
1.4
2.1
0.51
0.215
0.464
7
B
rew
ery G
rade
5
0
2
3.1
3.0
3.1
2.9
0.5
1.5
0.8
1.0
1.5
0.7
-0.5
2.7
1.79
1.511
1.229
4.51
to
12.85
0.50
to
16.86
15
S
. W
est Linn 
5
20
18
23.5
23.5
178.3
179.5
0.1
20.4
18.0
1.0
20.5
18.1
2.5
36.1
0.92
0.076
0.277
17
O
regon C
ity
5
45
34
40.5
28.6
531.1
265.4
0.1
44.7
41.5
0.7
31.6
20.7
-2.4
54.7
1.10
0.058
0.241
18
P
arkplace
5
46
37
58.8
41.3
1121.8
553.2
0.0
46.6
44.3
0.7
32.8
21.9
-4.2
58.9
1.15
0.060
0.246
20
C
lackam
as
5
89
51
58.8
40.5
1122.0
532.9
0.0
87.5
83.1
0.7
60.3
39.5
9.3
90.5
0.85
0.022
0.148
21
Lake R
oad
5
48
19
37.3
23.9
451.9
184.9
0.1
47.2
43.6
0.6
30.2
17.8
11.2
36.8
0.64
0.029
0.169
22
Foster &
 W
oodstock B
lvd
5
41
47
62.0
40.8
1246.1
539.1
0.0
42.0
40.0
0.7
27.6
17.3
-19.4
64.3
1.74
0.127
0.357
24
P
ow
ell and D
ivision
5
84
70
75.9
66.8
1868.6
1447.5
0.0
83.7
80.4
0.9
73.7
62.3
3.7
132.3
0.96
0.023
0.153
25
S
tark - W
ashington
5
65
58
47.1
45.4
718.6
667.2
0.1
63.9
60.0
1.0
61.6
55.7
3.6
113.7
0.96
0.028
0.168
26
S
 B
anfield
5
70
55
98.1
88.9
3121.2
2564.8
0.0
70.9
68.7
0.9
64.2
56.5
9.2
111.5
0.87
0.023
0.153
27
S
andy B
lvd / C
olum
bia
5
40
42
46.6
42.9
705.2
596.7
0.1
40.4
37.9
0.9
37.2
32.1
-4.8
74.1
1.16
0.060
0.245
28
A
irport W
ay
5
49
34
61.7
60.8
1235.2
1200.0
0.0
49.6
47.2
1.0
48.9
45.9
14.9
79.9
0.71
0.024
0.153
29
C
ornelius P
ass
5
9
10
18.7
18.9
113.8
115.7
0.1
10.4
8.9
1.0
10.5
9.1
0.5
19.1
1.03
0.167
0.409
30
185th A
venue 
5
34
31
31.5
28.8
322.3
269.0
0.1
33.8
30.8
0.9
30.9
25.7
-0.1
56.7
1.03
0.060
0.244
31
C
ornell R
oad
5
54
33
35.1
24.9
399.1
200.9
0.1
52.5
48.2
0.7
37.2
24.3
4.2
57.3
0.90
0.038
0.194
36
N
orth R
oseburg
5
5
5
6.7
7.8
14.7
19.9
0.3
5.5
3.8
1.2
6.5
5.2
1.5
10.2
0.87
0.194
0.440
37
A
nlauf (U
m
pqua H
w
y)
5
4
5
3.4
3.4
3.8
3.9
0.5
3.7
2.0
1.0
3.8
2.0
-1.2
7.0
1.52
0.606
0.779
39
G
lenw
ood (Judkins P
oint)
5
4
0
15.5
14.4
78.2
67.4
0.2
5.9
4.9
0.9
5.5
4.3
5.5
4.3
0.00
0.000
0.000
41
N
orth A
lbany
5
39
39
14.6
14.6
68.9
68.6
0.2
34.7
28.7
1.0
34.7
28.6
-4.3
67.6
1.15
0.063
0.250
42
K
uebler B
lvd.
5
29
43
17.2
17.5
96.4
99.4
0.2
27.2
23.1
1.0
27.6
23.8
-15.4
66.8
1.60
0.132
0.363
43
N
orth S
antiam
5
36
22
26.2
29.6
223.3
283.4
0.1
35.0
31.3
1.1
39.4
39.7
17.4
61.7
0.57
0.022
0.149
44
M
arket S
treet
5
17
9
24.2
27.8
190.4
249.9
0.1
17.8
15.8
1.1
20.4
20.7
11.4
29.7
0.46
0.031
0.177
45
H
ayesville
5
8
8
18.6
22.4
112.3
163.2
0.1
9.5
8.2
1.2
11.5
11.9
3.5
19.9
0.76
0.105
0.324
47
W
oodburn
5
9
16
21.9
22.2
155.7
159.2
0.1
10.6
9.3
1.0
10.7
9.5
-5.3
25.5
1.62
0.324
0.569
48
S
tafford R
oad
5
27
33
45.3
42.1
665.7
575.3
0.1
28.2
26.4
0.9
26.2
22.8
-6.8
55.8
1.30
0.101
0.318
49
I-5/I-205
5
82
64
69.1
64.4
1547.4
1346.2
0.0
81.4
78.0
0.9
76.0
67.8
12.0
131.8
0.85
0.019
0.139
S
um
s
1048
838
1013.6
901.9
16564.3
12652.6
4.9
1040.2
953.3
29.8
918.5
757.5
80.5
1595.5
0.91
0.002
0.042
Lineal Full to Lineal N
one &
 Lineal Full to Lineal Som
e
B
/C
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
16
I-205 Lineal Lighting (M
P
 6.99-9.18)
11
93
58
44.9
38.3
659.3
480.0
0.1
89.9
84.2
0.9
76.7
61.3
18.7
119.3
0.76
0.016
0.126
Lam
bda-hat=
87
87.00
23
I-205 Lineal Lighting M
P
 18.33 -18.64)
11
12
8
14.1
11.1
65.0
40.1
0.2
12.4
10.2
0.8
9.7
6.3
1.7
14.3
0.88
0.130
0.360
pi-hat=
114.34
88.13
1
I-84 Lineal Lighting (M
P
 9.92-12.39)
11
21
10
64.3
52.7
1350.3
905.6
0.0
23.0
21.9
0.8
18.8
14.7
8.8
24.7
0.55
0.040
0.200
D
elta-hat=
27.34
175.13
13.234
19
I-205 Lineal Lighting (M
P
 11.33-12.18)
11
11
11
33.4
23.5
364.0
180.5
0.1
12.9
11.8
0.7
9.1
5.9
-1.9
16.9
1.30
0.238
0.488
Theta-hat=
0.766
0.011
0.103
137
87
156.7
125.6
2438.6
1606.3
0.4
138.2
128.1
3.2
114.3
88.1
27.3
175.1
0.77
0.011
0.103
13.12
to
33.67
3.26
to
43.54
Partial Plus to Partial
D
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
8
B
iggs Jct.
5
3.00
1.00
2.1
2.1
1.4
1.4
0.6
2.4
1.0
1.0
2.4
1.0
1.4
2.0
0.48
0.197
0.444
Lam
bda-hat=
53
53.00
9
R
ufus
5
0.00
1.00
1.2
1.1
0.5
0.4
0.7
0.9
0.2
1.0
0.8
0.2
-0.2
1.2
1.62
1.993
1.412
pi-hat=
62.22
45.92
10
A
rlington
5
1.00
1.00
1.1
1.0
0.4
0.3
0.7
1.1
0.3
0.9
1.0
0.2
0.0
1.2
1.25
1.256
1.121
D
elta-hat=
9.22
98.92
9.946
11
N
orth P
ow
der
5
0.00
1.00
1.0
0.8
0.3
0.2
0.8
0.7
0.2
0.9
0.6
0.1
-0.4
1.1
2.08
3.257
1.805
Theta-hat=
0.862
0.022
0.149
12
C
am
pbell S
treet
5
2.00
2.00
1.3
1.4
0.5
0.6
0.7
1.5
0.4
1.1
1.6
0.5
-0.4
2.5
1.50
1.094
1.046
13
N
orth O
ntario
5
2.00
1.00
1.3
1.4
0.6
0.6
0.7
1.5
0.5
1.0
1.6
0.5
0.6
1.5
0.76
0.488
0.699
-1.13
to
28.74
-15.46
to
43.07
14
E
ast Idaho A
venue
5
1.00
6.00
3.7
3.6
4.5
4.3
0.5
2.2
1.2
1.0
2.2
1.2
-3.8
7.2
3.43
3.124
1.767
32
G
reen S
prings
5
3.00
3.00
5.3
5.7
9.1
10.6
0.4
3.8
2.4
1.1
4.1
2.8
1.1
5.8
0.84
0.260
0.510
33
N
orth A
shland
5
11.00
2.00
8.2
8.7
21.9
24.4
0.3
10.2
7.4
1.1
10.8
8.3
8.8
10.3
0.20
0.020
0.140
34
B
arnett R
d
5
7.00
####
15.3
15.5
76.1
77.5
0.2
8.4
7.0
1.0
8.5
7.1
-6.5
22.1
1.95
0.520
0.721
35
C
entral P
oint
5
7.00
7.00
8.1
9.1
21.0
26.9
0.3
7.3
5.3
1.1
8.2
6.7
1.2
13.7
0.93
0.174
0.418
38
C
resw
ell
5
3.00
2.00
9.0
9.0
26.0
26.2
0.3
4.5
3.4
1.0
4.5
3.4
2.5
5.4
0.51
0.129
0.359
40
S
antiam
5
3.00
6.00
10.4
10.0
34.8
32.5
0.2
4.7
3.6
1.0
4.5
3.4
-1.5
9.4
1.54
0.581
0.762
46
B
rooks
5
9.00
5.00
21.7
23.1
153.1
172.7
0.1
10.6
9.3
1.1
11.2
10.5
6.2
15.5
0.48
0.056
0.237
52
53
89.5
92.4
350.1
378.6
6.4
59.9
42.1
14.1
62.2
45.9
9.2
98.9
0.86
0.022
0.149
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
Fatal and Injury N
ight
EB
 Estim
ates
Full to Partial
A
E
ntity 
N
um
ber
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am
e
j
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L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
2
N
E
 181st
6
34
22
9.9
9.8
15.6
15.3
0.4
24.6
15.1
1.0
24.4
14.7
2.4
36.7
0.92
0.057
0.239
Lam
bda-hat=
339
339.00
3
N
E
 207th
6
5
6
3.4
6.2
1.9
6.2
0.6
4.0
1.4
1.8
7.2
4.6
1.2
10.6
0.90
0.175
0.418
pi-hat=
383.18
241.05
4
N
E
 238th
6
6
5
4.9
5.0
3.8
4.0
0.6
5.4
2.4
1.0
5.5
2.4
0.5
7.4
0.99
0.235
0.484
D
elta-hat=
44.18
580.05
24.084
5
M
arine D
r / Troutdale
6
7
0
2.4
2.4
0.9
0.9
0.7
3.6
1.0
1.0
3.6
1.0
3.6
1.0
0.00
0.000
0.000
Theta-hat=
0.886
0.004
0.060
6
W
est The D
alles
6
0
0
1.2
1.3
0.2
0.3
0.8
1.0
0.2
1.1
1.1
0.2
1.1
0.2
0.00
0.000
0.000
7
B
rew
ery G
rade
6
0
0
1.5
1.5
0.4
0.4
0.8
1.2
0.2
1.0
1.2
0.2
1.2
0.2
0.00
0.000
0.000
5.39
to
17.38
-0.37
to
23.13
15
S
. W
est Linn 
6
10
11
9.6
9.8
14.6
15.3
0.4
9.8
5.9
1.0
10.1
6.2
-0.9
17.2
1.16
0.182
0.426
17
O
regon C
ity
6
8
7
15.8
11.4
39.5
20.6
0.3
10.2
7.3
0.7
7.4
3.8
0.4
10.8
1.01
0.191
0.437
18
P
arkplace
6
37
19
22.2
15.9
78.1
40.2
0.2
33.7
26.3
0.7
24.2
13.5
5.2
32.5
0.80
0.047
0.216
20
C
lackam
as
6
38
25
22.2
15.7
78.1
38.9
0.2
34.5
26.9
0.7
24.4
13.4
-0.6
38.4
1.05
0.066
0.257
21
Lake R
oad
6
10
9
14.7
9.7
34.1
14.9
0.3
11.4
8.0
0.7
7.5
3.5
-1.5
12.5
1.27
0.246
0.495
22
Foster &
 W
oodstock B
lvd
6
19
13
23.3
15.8
85.8
39.4
0.2
19.9
15.7
0.7
13.5
7.2
0.5
20.2
1.00
0.108
0.329
24
P
ow
ell and D
ivision
6
31
25
28.0
25.5
124.2
102.6
0.2
30.5
24.8
0.9
27.7
20.5
2.7
45.5
0.93
0.055
0.234
25
S
tark - W
ashington
6
23
19
18.1
17.8
52.0
50.4
0.3
21.7
16.1
1.0
21.4
15.6
2.4
34.6
0.92
0.068
0.262
26
S
 B
anfield
6
25
33
35.4
33.0
197.9
172.4
0.2
26.6
22.5
0.9
24.8
19.6
-8.2
52.6
1.37
0.110
0.332
27
S
andy B
lvd / C
olum
bia
6
27
15
18.0
17.0
51.3
45.7
0.3
24.7
18.3
0.9
23.3
16.3
8.3
31.3
0.66
0.040
0.200
28
A
irport W
ay
6
20
17
23.2
23.3
85.1
86.1
0.2
20.7
16.3
1.0
20.8
16.5
3.8
33.5
0.85
0.065
0.254
29
C
ornelius P
ass
6
3
4
7.8
8.0
9.7
10.2
0.4
5.2
2.9
1.0
5.3
3.0
1.3
7.0
0.84
0.204
0.451
30
185th A
venue 
6
16
16
12.6
11.8
25.1
22.1
0.3
14.9
9.9
0.9
13.9
8.7
-2.1
24.7
1.20
0.141
0.376
31
C
ornell R
oad
6
30
16
13.9
10.1
30.5
16.0
0.3
25.0
17.1
0.7
18.1
9.0
2.1
25.0
0.91
0.070
0.265
36
N
orth R
oseburg
6
3
2
2.6
3.1
1.1
1.5
0.7
2.7
0.8
1.2
3.2
1.1
1.2
3.1
0.69
0.233
0.482
37
A
nlauf (U
m
pqua H
w
y)
6
0
4
1.4
1.5
0.3
0.3
0.8
1.2
0.2
1.0
1.2
0.2
-2.8
4.2
3.87
4.558
2.135
39
G
lenw
ood (Judkins P
oint)
6
1
1
5.6
5.4
5.0
4.6
0.5
3.4
1.6
1.0
3.3
1.5
2.3
2.5
0.34
0.104
0.322
41
N
orth A
lbany
6
19
8
5.3
5.5
4.5
4.7
0.5
11.6
5.3
1.0
11.8
5.5
3.8
13.5
0.70
0.075
0.274
42
K
uebler B
lvd.
6
13
17
6.2
6.5
6.2
6.6
0.5
9.6
4.8
1.0
9.9
5.1
-7.1
22.1
1.80
0.324
0.569
43
N
orth S
antiam
6
16
9
9.2
10.4
13.3
17.1
0.4
13.2
7.8
1.1
15.0
10.1
6.0
19.1
0.63
0.056
0.237
44
M
arket S
treet
6
12
2
8.5
9.8
11.3
15.3
0.4
10.5
6.0
1.2
12.2
8.1
10.2
10.1
0.17
0.015
0.122
45
H
ayesville
6
3
3
6.7
8.1
7.0
10.4
0.5
4.8
2.5
1.2
5.8
3.6
2.8
6.6
0.57
0.118
0.343
47
W
oodburn
6
0
5
7.8
8.0
9.6
10.1
0.4
3.5
1.9
1.0
3.6
2.0
-1.4
7.0
1.62
0.698
0.836
48
S
tafford R
oad
6
8
7
17.5
16.7
48.5
44.1
0.3
10.5
7.7
1.0
10.0
7.0
3.0
14.0
0.75
0.104
0.322
49
I-5/I-205
6
22
19
25.7
24.6
104.7
95.6
0.2
22.7
18.2
1.0
21.7
16.7
2.7
35.7
0.91
0.067
0.259
S
um
s
446
339
384.8
350.6
1140.4
912.1
13.1
422.4
295.1
30.5
383.2
241.0
44.2
580.0
0.89
0.004
0.060
Lineal Full to Lineal N
one  and Lineal Full to Lineal Som
e
B
/C
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
16
I-205 Lineal Lighting (M
P
 6.99-9.18)
12
18
23
17.7
14.9
176.7
125.9
0.1
18.0
16.3
0.8
15.2
11.6
-7.8
34.6
1.59
0.216
0.465
Lam
bda-hat=
45
45.00
23
I-205 Lineal Lighting M
P
 18.33 -18.64)
12
6
6
5.0
3.9
14.3
8.8
0.3
5.7
4.2
0.8
4.5
2.6
-1.5
8.6
1.50
0.523
0.723
pi-hat=
33.02
23.49
1
I-84 Lineal Lighting (M
P
 9.92-12.39)
12
8
12
24.8
20.2
347.9
230.7
0.1
9.1
8.5
0.8
7.4
5.6
-4.6
17.6
1.78
0.485
0.697
D
elta-hat=
-11.98
68.49
8.276
19
I-205 Lineal Lighting (M
P
 11.33-12.18)
12
8
4
12.1
8.4
82.9
40.0
0.1
8.5
7.4
0.7
5.9
3.6
1.9
7.6
0.74
0.161
0.401
Theta-hat=
1.392
0.081
0.285
40
45
59.6
47.5
621.8
405.3
0.5
41.4
36.5
3.1
33.0
23.5
-12.0
68.5
1.39
0.081
0.285
-67.71
to
-10.70
-95.08
to
16.67
Partial Plus to Partial
D
E
ntity 
N
um
ber
N
am
e
j
M
D
L
K
(j)
L(j)
C
b
C
a
V
ar{C
b}
V
ar{C
a}
alpha(j)
k(j)
var{k(j)]
rc(j)
B
(j)
var{B
(j)}
delta(j)
var{delta(j)}
theta(j)
var(theta(j)
s.d theta(j)
P
aram
ter
E
stim
ate
V
ariance
S
t. D
ev
8
B
iggs Jct.
6
0.00
0.00
0.9
0.9
0.1
0.1
0.9
0.8
0.1
1.0
0.8
0.1
0.8
0.1
0.00
0.000
0.000
Lam
bda-hat=
22
22.00
9
R
ufus
6
2.00
0.00
0.6
0.6
0.1
0.1
0.9
0.8
0.1
1.0
0.7
0.1
0.7
0.1
0.00
0.000
0.000
pi-hat=
37.05
14.88
10
A
rlington
6
1.00
1.00
0.6
0.6
0.1
0.1
0.9
0.6
0.1
0.9
0.6
0.0
-0.4
1.0
1.90
3.190
1.786
D
elta-hat=
15.05
36.88
6.073
11
N
orth P
ow
der
6
2.00
0.00
0.5
0.4
0.0
0.0
0.9
0.6
0.0
0.9
0.5
0.0
0.5
0.0
0.00
0.000
0.000
Theta-hat=
0.600
0.020
0.141
12
C
am
pbell S
treet
6
1.00
0.00
0.6
0.6
0.1
0.1
0.9
0.6
0.1
1.1
0.7
0.1
0.7
0.1
0.00
0.000
0.000
13
N
orth O
ntario
6
0.00
0.00
0.6
0.6
0.1
0.1
0.9
0.5
0.0
1.0
0.6
0.1
0.6
0.1
0.00
0.000
0.000
25.90
to
54.07
12.37
to
67.59
14
E
ast Idaho A
venue
6
0.00
2.00
1.5
1.5
0.4
0.4
0.8
1.2
0.2
1.0
1.2
0.2
-0.8
2.2
1.88
1.727
1.314
32
G
reen S
prings
6
0.00
2.00
2.1
2.3
0.7
0.9
0.7
1.6
0.4
1.1
1.7
0.5
-0.3
2.5
1.33
0.870
0.933
33
N
orth A
shland
6
4.00
4.00
3.2
3.4
1.6
1.8
0.7
3.4
1.2
1.1
3.7
1.3
-0.3
5.3
1.19
0.406
0.637
34
B
arnett R
d
6
7.00
3.00
5.6
5.8
5.0
5.2
0.5
6.3
2.9
1.0
6.4
3.1
3.4
6.1
0.50
0.089
0.298
35
C
entral P
oint
6
7.00
1.00
3.1
3.6
1.5
2.0
0.7
4.4
1.4
1.1
5.0
1.9
4.0
2.9
0.21
0.043
0.206
38
C
resw
ell
6
2.00
2.00
3.4
3.5
1.9
2.0
0.6
2.9
1.0
1.0
3.0
1.1
1.0
3.1
0.75
0.275
0.524
40
S
antiam
6
3.00
1.00
3.9
3.9
2.4
2.4
0.6
3.6
1.4
1.0
3.5
1.3
2.5
2.3
0.31
0.089
0.298
46
B
rooks
6
8.00
6.00
7.7
8.3
9.3
10.9
0.5
7.8
4.3
1.1
8.5
5.0
2.5
11.0
0.76
0.118
0.343
37
22
34.3
36.0
23.1
26.0
10.6
35.2
13.2
14.4
37.1
14.9
15.1
36.9
0.60
0.020
0.141
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
%
 Effectiveness
95 %
 Effectiveness
